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\o  It's  not  t tw*  hot  1*1  u»|*.  I ny 
l.uwl  and  l t am  e have  lust  put  into  op 
rial  ton  'tun  l.u  x*  tnd  tunnel*- 

capable  ot  hi  »;l\  KovnolJs  numbe t ojvu 
t»»'n  thienyl)  p i hu i i : .it  t on  . In  Inyland, 
t lie  Kon  a l \ t i * v »i  1 1 l % t ul'  l i *»lnnen  t [ K \\  ) 

ha-  mil  v * until  t ■»  ■»  t oned  i f **  N-m  tunnel 

'chub  t*  unde  t the  dttoction  ot  Mi,  \. 
Speiu  e , Mend  ot  the  tow  Speed  Aetodxuam 
I*  ••  P i \ i *»  \ on , located  at  t a t nbor  ottyh  , 
tlu'  t .u  t I 1 1 ' t (*0  km  *•  on  t hue  •«  t ot  Ion 
don.  v ontiiivtot  te-tiny  commenced  in 
Max  l 0 ’ S . I i am  e 1 1 Oil  lie  National 
dM  tilde s et  do  Ke  i he  1 1 Ill's  rospat  t a le  * 
(i'NIKM  beyan  lull  time  opet.it  ton  ot 
I he  t i 4.  * in  tunnel  l l at  le  l any  a last 

\ e m . I h t •»  n e h t .u  t 1 1 1 ' \ *•  l Ov  ;i t e d .it 

.in  old  .1 1 mt  ha  e m»  km  south  i' t lottlouse. 
Mi  . \.  Million  head  the  t l tunnel  op 

e t .i  t i on  .it  l e l auy  a i%  hei  e the  t i t s t in 
dust  i i ;il  ex  pet  Intents  wete  i ondm  t ed 
I n Vu  j;us  t | 'I  * ' . 

Iheso  n«'ii  hind  tunnel*  li.-ive  cm  abtl 
its  to  x.tix  t he  .iii  pies  sure  in  t he  tun 
net  while  mum  tammy  u constant  t to'i 
veloittv.  Most  wind  tunnels  ope  into 
.it  one  pies  sine  on  In  , .itmosphoi  iv  , i»  1 1 h 
the  trull  thiit  the  tlu  id  oheuomen.i 
irpirrntrd  ;» i e those  at  t lie  model  i.ile 
in  t h«'  tunnel.  the  abtlttx  to  tm  tease 
pi  os*,  me  ahoxe  c»ni'  atmosphere  a l l oh  * 
t toil  conditions  mi'll*  i ep  i esent  at  4 \ e o t 
tull  mli'  ttijiht  to  he  duplicated. 

Itt  paiticul.it,  the  Ke  ni\c' Ids  n umbel  , a 
ciiliiiji  t.ictoi  that  is  a t'uuition  ot 
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t e i take'  o < t and  l and  me  i h a t .ie  t e i i - 1 i e v-  , 
m c on  | mu  t i i'ii  ic  i t h the  htch  wmy  toad 
lily  l i'c|ii  i i »‘d  tot  htyh  -.peed  pe  i t oi  m.uic  e , 
lias  made  it  neiessai'  tot  almost  all 
a 1 1 1 i a 1 1 , hot  li  m i l 1 1 a i ' and  c t \ i l , to 
ha\o  vomplex  aerodynamic  s\  stents  to 
.ic  h leve  htyh  lilt  i oe  t t t c i ent  •« . I rad  i ny 
edye  slats,  slotted  tlaps,  and  ot  t'toh 
tny  adorn  modem  htyh  pertormame  a 1 1 
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I' ' v i i t ue  o t t he  i i size  and  p i e s mi  i e 

i anye , the  note  tunnels  e an  be  used  to 
exuluato  si.ile  mode  l s ot  tiyhtei  aiiiiatt 
s in  h a ••  t he  IP'  \a\  ' l t S , at  nr  a i lull 

*■  c a l e t lou  condition*-.  lot  model*  ot 
t i anspoi  t a it  i tilt  t ot  the  size  o t it 
tut  ope. in  a li  bn*-  tWihM't,  Kexpolds  numbe  t •• 
ui'.itl'  a cjuattei  tull  scale  * all  be 
tch  te\ed.  hut  eieti  mot  e t mpot  t ant  l ' , 

* nu  i c'  \ p«'  i i mi'n  t s can  be  conducted  o\ei 
a bio. id  i anye  ot  Keinolds  numbers  .» t v on 
taut  Mac  h numbe  i , e a l e e I f »'i  t *•  , an  be 
dc'tei  mined  tints  yivmy  a tiim  b.i-  e t i e'm 

ii  h i c h ( ext  t apo  late  { o (till  scale  t l ou 
c ond  1 1 i on** . 

1 lie  KM  and  vVMKV  tunnel*,  have  htoad 
and  laiyelx  oxrtl.ipptny  ranyrs  ot  opetu 
tiny  i ond  t tien  as  shc'im  in  liy.  t. 

Otu  r a tunnel  is  pressuti.ed,  it  max  be 
c erne  ui\e  -.  .itx  t o make  mod  i t t c a t 4 on** 
l o the  mode l,  and  it  \ s c l e a \ \ \ desirable 
i dc'  sc'  at  a t nix's  ^'he  r 1 1 pressure  tot 
ate*!'  , .'in.  idri.it  ions,  One  ot  the  unicjue 
teatuie*  c' t bc'th  tunnels  \ the  i *o  1 a t i on 
o t the  hc»  t k » ne  ••  «»i  t t i'it  t i om  t In*  i e * t »'  t 
the  c iiciiit  so  that  l at  tit  exist-,  in  the 
h c»  t k t ny  * i'c  t i on  w h t l e the  test  o t t he 
tunnel  ciiciut  remains  pii"-sttii  ed  a l 
t hc'it  yh  thi'  i a*  titered  someichat  dittei 
en  t t x i u t he  two  l unne  l •. . 
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The  RAE  tunnel  has  a working  sec- 
tion S-m  wide,  4.C-m  high,  ami  K-m  long, 
and  can  he  pressurized  to  J atm  in  ap- 
proximately 4S  min.  Two  concentric 
spheres  surround  its  working  section. 
Panels  in  the  upstream  and  downstream 
ends  oT  the  working  section  walls  can 
he  rotated  inward  clearing  the  section 
between  the  spheres.  Large  pressure 
doors  on  the  outside  of  the  inner  sphere 
are  then  swung  across  the  air  passage 
and  closed  on  the  inner  sphere  (see 
diagram).  The  inner  sphere  can  then 


he  de-pressur i zed  to  give  personnel  a. 
cess  to  the  model  in  the  working  section. 
Another  unique  feature  of  this  tunnel 
is  the  ability  to  change  the  entire  model 
installation  at  one  time.  This  is  ac 
complished  by  rotating  the  entire  working 
section  90°  about  a vertical  axis.  This 
aligns  the  section  with  an  access  tube 
through  the  spheres  through  which  the 
model  on  its  sting  support  attached  to 
the  floor  can  be  removed  on  a cart  as 
a unit.  The  cart  then  moves  on  rails 
into  a large  rigging  room.  Model  set- 
up, check-out,  and  final  tear-down  occur 
here.  This  allows  the  tunnel  to  be  max 
imized  for  wind-on  experimentation. 

A total  of  b min  is  needed  to  stop  the 
fan,  get  the  pressure  doors  into  position, 
de-pressur ize  the  inner  sphere,  and  ob- 
tain access  to  the  model.  The  time  re- 
quired to  interchange  the  model  carts 
lias  been  estimated  at  JO  min. 

The  0N1RA  facility  uses  a somewhat 
different  design  philosophy.  Their  1-1 
tunnel  is  4,S-m  wide,  J.S-m  high,  and 
8-m  long  and  can  be  pressurized  to  4 
atm.  Two  large  doors  located  at  the 
forward  and  aft  of  the  working  section 
rotate  and  seal  off  the  working  section 
from  the  wind-tunnel  circuit  (see  diagram! 


prestore  ik\v*  tx>  isolate  wonMtv)  Nctvm 
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ONERA  DETAILS  OF  WORMKkj  SECTION 


so  that  access  at  1 atm  is  possible. 

It  is  then  possible  to  remove  the  entire 
steel  test  section.  The  sect  ion  moves 
laterally  on  rails  to  a rail  junction. 

At  this  point  a palette  containing  the 
model,  support  system,  and  tunnel  floor 


Ih\  V.' 


i •>  i ctun  i'il  f i om  t he  workinc  section 
to  .in  individual  set-up  loom.  I.uli  pal 
otto  . out.  it  its  i t s own  data  a.  >in  t •>  1 1 i on 

0 'tom  lOiiMituij;  ot  an  III'  m in  loom  put  o t 
amt  associated  ana  l y'c  - 1 o-.l  i c 1 1 a l vouvei 
ton  anil  amplifiers.  In  mill tt  ion  to 
model  sot-up  ami  tear-down,  a complete 
check-out  ot  tlio  il.it  .i  aotpi  i -i  1 1 i on  system 

1 an  t'o  ai  i ompl  i shtjil  in  this  set-up  area, 

lhe  t vpo  ot  moilol-i  to-- toil  in  tin-,  t ti  i 1 

itv  usual  l\  liavo  a large  i|iianttti  oi 

i ilit  i v i ilua  1 piotsuio  measurements,  poi 
haps  I i’t*0 . I'ho  ahilitt  to  pve-. hock 

tlio  electronics  and  sottii.no  prioi  to 
tunnol  entrv  is  a valuable  asset. 

I'ho  model  supports  fot  both  tunnels 
are  desicne.l  to  i oithoi  sting  ot  stint 
support,  the  K V 1 stnii;  has  a pitoh  range 
ot  ♦ to  it  h i I o i'MKX’s  is  VS"  to 

1 1’  . \ i i an  g omen  t s have  been  matte  toi 

interchangeability  ot  mo>lel  support 
equipment  between  tunnels,  allowing  toi 
oast  t nt  o r-opei  ab  1 1 1 1 1 ot  motlels  tor 
in tornat  iona 1 protects  such  as  tho  \ti 
bus.  Both  facilities  have  the  most  moil 
o m instrumentation  an.l  .lata  handling 
systems  tor  measuring,  recording  an.l 
piocessing,  pressures,  forces,  tempera 
tine,  an.l  other  phvsical  quantities 
ot  interest.  As  previously  state.!,  ONI  K \ 
t a.  i I 1 1 1 is  oiimppoil  i.  1 1 It  iiiilniilu.il 
minicomputers  on  each  palette,  thus  .lata 
is  processed  an.l  reeor.lo.l  during  tho 
tunnel  run.  I'ho  K \!  fact  lit'  has  ntialog- 
to-.ligitat  amplifiers  on  tho  cart  an.l 
transmits  high  amplitude  signals  to  a 
central  .lata  center  for  pro.es  ■ . an 
output  ot  tho  .lata.  Both  fact  1.  ties 
are  oi|uippo.l  tilth  on-line  .lata  roducti-'ii 
a nil  plot  tiny;  equipment. 

lhe  tunnels  ditfei  in  c ons t • u,  t ioi. 

in  significant  wavs,  lhe  K \ 1 t ■! 

is  const  rui t e.l  out  i roll  ot  high-siade 
stainless  steel.  lhe  main  drive  . ohm  t. 
ot  a l at  co  l I -'ll'  a.  motor  and  a smaller 
l.t'-Mli  ,1c  motoi  loi.itod  in-ido  tho  pies 
sure  shell  m tho  back  section  oi  tlio 
iircutt.  Ihe-o  notoi ' are  used  separate 

It  0 1 tocothoi  to  y:  l VO  tlovlbllltl  til 

operation  and  good  control  extending 
doy.n  to  lot.  speed-  without  . oncern  lot 
'.ariation-  tit  oloctrii.il  supptv  tieiinon.' 
and  volt. ice.  lhe  fan  s i . i .-s  is  iooprise.1 
ot  a 1 1*  - b 1 a.lod  , ' niy;lo-st.ii;o,  t i.xed-p  1 1 . h 
.ait  na.te  ot  i;  la--,  fiboi  and  opoxv,  lhe 
y'M  K \ tunnel,  on  the  othoi  hand,  is  con 
s t t in  t e.l  primarily  ot  rointoiiO.l  cotiiteto, 
except  tin'  motoi  housinc  and  working 
section  tihich  are  ot  steel.  Its  main 
drive  consists  ot  a const  ant -speed  ‘'.s-'llt 
V.  motor  located  outside  tho  pressure 


shell.  1 It  i s motoi  is  shu  ft -coup  led  to 
a s t eel -b  laded  v at  i ab  lo-p  1 1 e h tail  that 
turns  at  'St'  rpm.  In  1->’p  the  ONI  K \ 
tunnel  bej; an  shakedown  operation  tilth 
aluminum  allot  blades  installed  in  t he 
fan.  Subsequent  1 v , a structural  failure 
ot  one  i' I the  blades  caused  a ono-veai 
delay  in  . oittm  l ss  ion  I ng . file  aluminum 
allot  blades  i.ere  replaced  b\  heaviet 
steel  blades  that  tiere  do  ■ lyini'.l  to  mat  . It 
those  that  have  been  in  use  . n the  l.uge 
I tench  tiansonic  tunnel  iSI'  at  Modane 
for  m anv  tears. 

Both  the  K\1  and  i'MKA  tunnels  hat. 
computei  monitoring  ot  the  complete  pot.e 
plants  tttiludtnc  .iiti.al  area  , tenpei 
atures,  and  strains.  lhe  .omptitet  alert 
personnel  it  anythin,;  coos  out  ot  iioi-ial 
i atijie,  lhe  operation  .an  also  be  ante 
matt,  tilth  pi  e-prog t amm  ing  ot  t It  e expel 
imeiit.il  .end  it  ions  t ,>  By  studied.  finis 
p roc  rammed  , an  experiment  .an  ho  auto 
mat  u all.  lOndllited  undei  .omputei  con 
t i o I in  e 1 1 hot  t linin'  l . 

fho.se  t\.o  larce  i.  ind  tunnels  open 
a "lost  important  tlic'it  toy;  line  to  exact 
i nc  expo  l i nil'll  t a 1 examination  and  evalti 
at  ion.  One  may  ask  as  t ..  the  necessity 

0 i t no  t ai  i l 1 1 it's  i.  it  h opet  a t t ona  I on 

v elopes  ottering  such  sintl.u  expel  men 
t a 1 conditions.  Is  their'  siitficient 
I'Oik  to  permit  economical  operation  ol 
both  tunnels'  this  y,  i 1 1 depend  on  the 
future  liiropoau  development  ot  militaiv 
a ml  ct'il  aircraft.  lite  ability  to  s t ml 
advanced  high-lift  systems  at  ne.u  full- 
si  ai,'  Reynolds  nuiiibei  is  certainly  t ii  s t i 
tt.  at  ton  to  the  aorodv na ■ i . I st  . 
t v'.  Joseph  Martin,  1 i a on  : ochnol  oe  i ■■  t 
from  Pay  id  l\  . I.oloi  Naval  Sit  i j>  Reseat.  *• 
and  Pev  e 1 opment  l enter,  Bethes.la,  Vat. 

1 and) 
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\ woki  Piv  i Pi  pi  I'.;  \\p  '-Oi  k i ; si  m 1 '• 

1 o t a.  i 1 i t a t e i tit  e i nut  i ona  l . om-  .-  • , , 
the  lntr-in.it  i ona  1 1 le.  t i ote.  - inn  al  Com 
mission  . 11  r' ' ill  lelieva,  i.  1 1 h 1'  -e-boi 
countries,  last  veat  proposed  a nei, 
pine  and  socket  system  toi  'sp-\  a.  .-.-  . . 
which  is  rated  at  It'  a"  pe  I i's  i -■  -a  \ i "i  i ■ - ' . 
lhe  pine  rli.e.  I ' , with  two  or  t h t oe 
p.uallel  tlat  ptones  i i nt  out  tona  I 1 v 
incompatible  with  the  li  eri.  an  -.-’.iiy  a . 
others),  is  to  be  molded  onto  the  end 
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THE  •PROPOSED  16 -A  IWO-POON^  Pu><^ 

AND  TWifi  THREE- PRONCv  SOCLETfr 

01  t'.e  r,'r,l,  t hus  tending  to  ensure  tts 
- r r m\  t connection.  In  Hit  tain,  t>lto  to 
.» i'j'  l t .ntios  .1 10  always  solsl  without  plugs 
1 for  reasons  that  emerge  bo l owl,  sleuths 
result  ovon  yoar  trout  incorrect  lv  oon 
no.  to.!  three-prong  plugs  slospito  tho 
s t and. 1 ■ .1  00  1 or-cs',1  1 no  ol  tho  w itos  in 

t It  O s.  s'  .1  . 

'it  tho  UK  . t it  .I  Ireland  tho  now  sis 
tom,  1 accepted,  would  replace  tho  pro 
sottt  l -\  standard,  wltioli  was  adopted 
II!  I'1:-.'.  file  l'-\  plug  tits',.  2)  holds 
a t tt  ■ 0 wltiolt  is  tut  end  0.1  t s'  m. it  oh  tho 
powot  rei|tt  1 ronton  t oi  tho  .tpp  I t.inoo  it 
loo,!' , although  tho  l a -A  fuse  supplied 
with  tho  plug  is  often  used  instead, 
the  l(>-\  plug  is  unfu-etl,  however,  ami 
it  t -s  thus  mtts.lt  smaller  ami  lighter. 

In  tart  , twin  lo-\  sookots  can  fit  into 
the  spare  oeeuptod  bv  a single  l A- A sorkot 

Iho  I A - A socket  1 no orporat os  shut 
tors  for  the  power-prong  holes,  whirlt 
are  raised  as  the  longer  ground  prong 
enters  it--  hole.  Iho  It'  - A sorkot  includes 
shutters  as  an  option,  whirlt  would  very 
ltkelt  bo  adopt t*ol  in  Britain.  Iho  lo-A 
sorkot  is  rorossod  to  prevent  tourhing 
the  prongs  while  they  are  energize,!  land 
t s'  help  support  the  plug l,  while  tho 
1 A- A plug  in  its  latest  version  depends 
f 1 tills  purpose  on  insulating  sleeves 
rovering  tho  first  portion  ol  oar  It  power 
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Along  with  the  1 .'-A  socket  came 
the  philosophy  of  the  "tins"  circuit, 
which  s,i\es  on  copper  hv  running  a IS-A 
cable  from  a A 0 - \ fuse  near  the  meter 
to  a l ar^e  nuinhei  of  sockets  aiul  then 
back  to  the  same  fuse.  Vhe  h i jjh  rating 
>>  t tins  fuse  is  the  reason  for  individual 
smaller  fuses  on  the  15-A  plugs,  as  their 
cords  ni i jih t be  so  lone  and  thin  as  to 
draw  less  than  '0  \ when  short-circuited. 
It  1 A-  v sockets  on  ring  circuits  are 
replaced  with  lo-A  sockets,  it  is  likely 
that  the  latter  will  be  required  to  in 
corporate  individual  fuses  or  circuit 
breakers.  1'ircuit  breakers  could,  in 
fact,  take  the  place  of  the  toggle 
switches  that  are  frequently  part  of 
the  British  socket.  In  the  interest 
of  safety,  such  a switch  is  usually  used 
to  shut  off  an  electric  stove — and  its 
. lo. k —when  not  cooking  as  well  as  to 
turn  other  appliances  on  and  off. 

Vhe  earlier  British  philosophy  ot 
electric  wiring  was  the  "radial"  circuit, 
which  led  from  a S-A,  10-A,  or  IS-A  fuse 
near  the  meter  to  a single  IS- A socket 
or  to  one  or  more  S-A  or  -'-A  sockets 
and  lights,  lhe  .'-V,  S-A,  and  Is- l plugs 
were  small,  medium-'  i.ed,  and  large, 
respectively,  with  two  or  three  round 
prongs,  the  six  varieties  being  complete 
ly  incompatible  with  one  another.  \u 
melons  other  types  of  plugs  were  in 
earlier  use,  a-  well.  Although  much 
new  wiring  has  been  added  to  older  build 
mgs  and  much  old  wiring  has  been  up 
dated,  these  older  sockets  are  still 
in  wide  use,  with  a cons iderable  variety 
ot  them  i intended  for  appliances  o t dit 
foretit  powei  requirements!  as  well  as 
newel  1 A- \ sockets  adoring  the  ba-oboar.  -. 
British  households  are  thus  often  well 
equipped  with  adapters,  and  these  i.ic 
be  carried  around  with  the  vacuum  cl  outlet 
it  it  does  not  have  an  extremely  long 
cord. 


In  addition  to  all  this,  the  o 
ot  an  Inter  lean  itt  Britain  mat  i in  liido 
some  US-type  sockets  fed  be  the  roughly 
1 1 1’ - \ side  of  one  or  more  step-down 
transformers,  which  he  acquires  m order 
to  powei  appliances  from  home.  US  x lo,k- 
and  phonographs , however,  x unnot  be  used 
in  tills  manner,  as  the  >0-11  • supply 
frequency  would  stretch  each  minute  by 
-’Ot  and  would  lower  all  musical  sounds 
by  a minor  third. 

The  unfused  plug  widely  used  m 
1 ui ope,  which  is  like  the  British  S-A, 


two-prong  plug. 
I c onven i ent ly  ?! 


IS-A 


ket 


is  felt  to  be  dangerously 
compatible  with  the 
is  it  will  fit  it  t he 


shutters  are  forced  out  ot  the  way. 
lhis  compatibility  is  among  the  reasons 
Britain  yoted  for  the  lt'-\  standard  m 
an  lie  ballot  a few  months  ago.  Anothei 
reason  was  the  desire  to  exercise  some 
influence  over  the  final  design  as  well 
as  to  keep  the  Uk  aligned  with  the  111, 
whivh  mav  some  bay  endorse  the  lt'-V 
standard,  thus  forcing  Britain  to  adopt 
it,  Vhe  Uk,  however,  was  in  the  minority 
on  the  vote,  and  the  1 <>-  \ standard  was 
sent  hack  to  the  Me  for  further  study, 
as  many  countries  are  happy  with  then 
present  plugs. 

1'espite  the  official  British  support, 
sentiment  in  the  Uk  seems  to  oppose  the 
new  standard  because  it  is  unfused  and 
because  its  adoption  would  be  expensive. 

In  I ax  t , Britain  xontmues  to  feel  the 
burden  ot  the  standard  adopted  in  l°S.'. 
ami  it  is  x lear  that  a whole  generation 
woulxl  have  to  pass  before  any  new  stand 
a rd  would  be  fully  implemented.  Only 
then  could  it  begin  to  actneye  xx'st  s.u 
mgs  fot  the  public  as  a whole.  In  the 
interim,  Britons  would  be  making  xlo  by 
adding  t u s t»xl  adapters  for  l.  A to  tb.eii 
p re  sen t kits. 

lhe  lc>-\  plug  would,  luiwever,  as 
s ist  Britain’s  electrical  industry  with 
its  exports,  would  be  neater  and  cheapei 
than  the  l.'-A  plug  and  would  be  safei 
in  regard  to  both  corroct  wiring  and 
anchoring  of  the  cord  to  the  plug.  Vhe 
1 A- \ plug  has  usually  im  luded  a i ihei 
cord  clamp  whose  t lire, ids  are  readily 
stripped,  and,  when  it  then  becomes 
loose,  the  ground  wire  is  likely  to  *'e 
the  first  to  bo  pulled  from  its  moot  g, 
thereby  posing  the  threat  its  touching 
the  "het"  side  of  the  line. 

While  the  lo-A  plug  continues  to 
be  a focus  ot  controversy  m Britain, 
it  appears  to  represent  an  idea  whose 
time  will  eventually  come.  Since  it 
is  intended  only  for  .'SO  \ . t may  well 
never  see  service  in  the  US,  <> t .level 
oping  countries  seeking  a standard  t x' 
adopt  might  be  the  first  to  implement 
it.  t Nelson  M.  Blachmanl 
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U'aMISlU'  Still’  Kl  i "l,\l  I U'\  \\L*  t 1 t i 1 Kv'- 

O1  r t i r s \r  c. i ;.t. - vi oath  , 

\mong  the  adventurous  aspects  of 
a s c ient i f i c - 1 ia i son  visit  i ■>  its  unprc 
d io t ah  i 1 1 1 v . Having  revolved  several 
reprints  in  19'2  from  flaiule  fardot  of 
the  i . 1 . r . - AI  i"  \ 1 1 1 laboratoires  de  Mar 
coussis  and  having  made  use  ol  some  of 
his  ideas  regarding  Walsh  funvtions  in 
a paper  of  mv  own,  1 thought  it  would 
be  good  to  t r\  to  see  him  (and  others) 
during  the  course  of  a few  davs  in  far  is. 
It  turned  out  that  he  had  moved  from 
Marvoussvs  to  a nearbv  i . I . 1 . - \1 i \ II  I 

location  m Villarceau,  which  is  devoted 
ent i reh  to  telephone  svstems.  Although 
1 did  manage  to  see  him,  my  \ is  it  was 
confined  entire!'  to  the  Marcoussis  fa 
cilitv,  which  covers  a wide  range  ot 
activities  in  5 he  fields  ol  lasers,  op 
t i v ,i  1 communicat ions , onergv  , and  bat 
terics,  serving  now  as  the  dill  Group's 
> >"  orate  research  center.  Support  for 
the  I aborat or i es ' work  comes  not  onl\ 
fro  within  did  but  also  from  several 
a . , ies  of  the  l-rench  government. 

Marcoussis  is  a v illage  20  km  south 
ot  the  southwest  edge  of  1’aris,  and  the 
laboratories  there  employ  SCO  people 
m a rural  complex  of  modern,  well- 
s' i ed  buildings,  established  ill  1958. 

't  was  Pr.  Hubert  I'ebart,  who  heads 
the  a-er  department  and  who  also  works 
on  underwater  acoustics  on  a part-time 
. : a C.  I .T»-AlX'ATIil  f ac  i 1 i ty  in 
\rcueil,  .1  km  south  of  Paris. 

c fore  getting  into  the  details 
ot  tin  aborat o i re  s’  work  and  that  of 
Debar  it  seems  appropriate  to  explain 
t ’ i a.  cnvms.  t . I . V.-Al i \T1  1 stands 
f.  t for.  ignie  Indust  rielle  des  r616com 
.cat  i»  ns,  Soci6t6  Msacienae  des  i on 
s;  .ctioi  s \tomii(ues  et  1 61  fcommun  i cat  i oils 

flee t roniques.  lhis  organization,  with 
.13,001  e.nplovees,  is  the  largest  of  the 
many  subsidiaries  of  the  dompagnie 
>.6n6rale  d ' f lec  t r ic  1 1 6 ( fill  1 , which 
has,  in  addition,  303  interests  m two 
other  companies  with  b 5,000  people  be 
tween  them,  giving  it  a grand  total  of 
IV, 000  c p levees , 

fid's  activities  include  cables, 
"laterials  , computers,  naval  cons  t rue  t i on  , 
and  civil  engineering  as  well  as  heavx 
and  light  electrical  engineering.  While 
research  with  opt i c a 1 - f iber  fabrication 
and  utilization  is  carried  on  at  the 
laboratoires  de  Marcoussis,  the  iitanufac 
ture  of  opt i ca l - f iber  cables  is  part 
of  the  work  of  the  fill  subsidiarv  fables 


de  lvoil  with  8,400  people.  Other  sub 
sidiaries  produce  devices,  such  as  bat 
teries,  that  are  developed  ill  Marcoussis. 

1 lu  work  on  \ a - S e levated- tempo  rat ure 
battel ies  has  been  described  bv  A.  Sos in 
in  -ft  51 -6 ; 2 i 9 and  in  ONRL- R*  S- 7 7 . 
some  of  the  current  research  m this 
area  concerns  the  use  of  metal  electrodes 
to  hold  the  \a  and  the  S.  Ihe  sodium 
pol\ sulfides  corrode  \1,  but  fr  coating 
max  alleviate  the  problem. 

In  the  field  of  optical  fibers, 
which  Marcoussis  has  been  exploring  s i nc o 
l'1'.',  a bandw  i dt  h - 1 eng  t h product  in  the 
range  from  P.S  to  1.2  Cll. -km  has  been 
obtained  by  the  use  of  high-silicon  glass. 
Splices  have  been  developed  for  joining 
lengths  of  optical  fiber,  and  the  bending 
of  fibers  has  been  investigated  with 
a view  to  distributing  a fraction  ot 
the  light  from  inside  to  intermediate 
locations.  (.This  would  evidently  not 
be  a practical  means  for  surreptitious 
tapping  of  optical  fibers  because  any 
effort  to  strip  off  the  material  stir 
rounding  a fiber  in  an  installed  cable 
would  very  likolv  sever  the  fiber. 1 
Repeaters  suitable  for  use  on  the  seabed 
arc  being  developed;  these  will  read 
out  the  signals  and  generate  new,  , lean 
v cr- ions  after  the  light  pulses  have 
become  weak  and  wide  as  a result  ot'  prop 
agation  over  some  distance. 

Other  e lec t ro-opt i c a 1 work  includes 
the  fabrication  of  experimental  photo 
diode  arrays.  One  of  these,  an  S x 12S 
arrav  ot  i’.i'-..m  diodes,  is  intended  for 
reading  out  an  optical  mentor'  ; allot  he  i , 
a pair  of  0 . 2 5>  ' 0 . 2 S - in  photodiodes, 
is  to  be  used  in  the  radiometer  a boa . 1 
the  met  eorological  satellite  'll  110SAT. 

Dehart’s  laser  Department  has  built, 
among  many  other  t vpes , high-power  Nd- 
doped-glass  lasers  producing  UU'-psec. 

I 10“’  0 sec'  pulses  Ot  1-liv  ( - 1 D 1 *’  111 

I’owei  at  a l.Ot'-.m  wavelength  ever'  10 
mm  by  Xe-f lash  pumping  of  a rod  0 4 or 
12s  mm  in  diameter  and  20  cm  long.  (Also 
see  \.N.  Smiley  in  W 3 1 -9  : 5 ' 5 . 1 These 
have  been  sold  to  RMS  fusion,  the  law 
rence  1 ivermorc  laboratorv  , and  the 
1 imeil  l' enter  of  the  french  At  c'  for  use 
in  fusion  research. 

IVithin  the  laser  Department,  c.i'.l. 
Roger  is  investigating  the  pulse- 
compression  technique  for  use  in  laser 
ranging  (lidarl.  B'  passing  a frequenev- 
swept  pulse  through  a dispersive  medium, 
he  achieves  a 400:1  shortening  ot  the 
pulse  from  2 0 i --ec  to  SO  nsec.  'How 
ever,  it  seems  it  would  be  possible 
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I’ll il  l. \C  YCHIK  root'  IHHVN  IN  ill.  AVIV 

The  Vacuity  ol'  ling  ineer  i ng  at  Tel 
Aviv  University  consists  of  a series 
of  d isc  i p 1 i tie-or  i en ted  departments  rather 
than  the  traditional  subject  g roup i ngs 
more  often  found  in  universities  within 
and  without  Israel.  Presently  approved 
departments  are:  fluid  mechanics  and 
heat  transfer;  solid  mechanics,  materials, 
and  structures;  electronics;  interdis- 
ciplinary studies,  including  bioengineer- 
ing; industrial  engineering  and  manufac 
taring  technology;  control  and  computers; 
and  energy.  The  last  two  arc  in  the 
development  stage  and  arc  expected  to 
be  fully  operational  by  next  year.  By 
the  use  of  curriculum  committees,  under- 
graduate degrees  are  individually  formu- 
lated and  can  easily  cut  across  depart 
mental  boundaries,  with  the  claimed 
advantage  of  permitting  more  innovative 
study  and  research.  There  are  approxi 
mately  900  undergraduate  and  300  gradu- 
ate students,  of  which  surprisingly  only 
3(1  are  doctoral  candidates.  The  master's 
degree  is  seemingly  becoming  as  popular 
in  Israel  as  it  is  in  the  US,  probably 
for  much  the  same  reason — a decrease 
in  the  funding  support  and  the  number 
of  available  positions  for  basic  research 
in  universities,  government  establish- 
ments, and  private  industry.  The  students 
are  taught  or  supervised  by  some  51  senior 
faculty  and  40  teaching  assistants,  a 
f acul t y- t o-student  ratio  similar  to  that 
found  in  quality  engineering  schools 
i n t he  US. 

As  an  example  of  the  kind  of  suc- 
cessful research  engendered  by  the  lack 
of  rigid  boundaries  between  disciplines, 

I was  shown  the  results  of  an  ongoing 
study  on  the  measurement  of  the  human 
foot/ground  pressure  pattern.  The  leader 
of  the  project  is  Prof.  M.  Arcan,  who 
while  in  t he  Solid  Mechanics,  Mateiials, 
and  Structure:-  Uepartment,  has  drawn 
heavily  upon  the  resources  and  expertise 
of  the  bioengineering  group.  University 
researchers  in  the  US  are  often  reluctant 
to  become  involved  in  such  interdisci 
pliancy  programs  since  tenure  committees 
do  not  look  kindly  on  such  efforts  if 
they  do  not  lead  to  archival  quality 
papers,  a common  fate  for  research  that 
"falls  within  the  cracks."  Ibis  has 
not  been  a problem  to  date  in  Israeli 
universities,  but  as  tenure  becomes  more 
difficult  t o obtain  the  situation  could 
c linage . 


The  basic  aim  of  the  research  pro- 
gram was  to  develop  a reliable  and  quan 
titative  technique  for  displaying  and 
measuring  the  pressure  distribution 
between  the  human  foot  and  the  ground. 
Previous  methods  using  footprints  in 
a plastic  medium,  load  cells,  or  trails 
duccrs  gave  only  qualitative  information, 
or  only  the  value  of  total  forces  and 
center  of  pressure  locations,  or  were 
encumbered  by  bulky  cables  or  complex 
electronic  equipment.  The  technique 
developed  by  Arcan  and  his  colleagues 
is  claimed  to  obviate  these  difficulties 
by  using  an  optical  interference  method, 
as  illustrated  in  figure  1. 


»■ 
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Figure  1.  Schematic  diagram  of  ap- 
paratus. (t)  Flexible  sheet  with 
contact  point:;  to  apply  the  pressure, 

(!')  Contact  points,  (-U  Optically 
sensitive  (photoelastic)  sheet,  ( ) 
reflective  layer,  (31  Optical  filter 
(pot  ariser)  , (•!)  sheet  of  tigid  t rans- 
parent material  (glass),  (s)  Mirror  or 
semimirror,  (e  or  <■')  I'ojssible  posi- 
tions of  the  light  source,  (7)  Ilioto- 
qraphic  or  einephoto  equipment. 

The  apparatus  consists  of  the  fol 
lowing:  A standing  or  walking  platform, 

containing  optical  filters,  optically 
sen  - it  ive  elastic  material,  and  a re 
flcctive  layer;  a light  imaging  and 
recording  system  composed  of  mirrors 
and  -t  camera  (for  standing  measurements  l 
or  a motion  picture  or  TV  system  ( for 
walking  measurements);  and  a loading 
device,  such  as  a thin  leather  sole 
on  which  arc  mounted  a number  of  spe 
ct. ill'  shaped  solids  used  to  provide 
discrete  loading  points.  The  number 
and  shape  ot  these  loading  centers 
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uso  ot'  t ho  title  ".ireli  i t eet . " They  Jo 
not  prevent  anyone  from  offering  archi- 
tectural services  to  the  public  so  long 
as  he  is  not  described  as  an  "architect." 
Moreover,  there  is  no  law  requiring  the 
consumer  to  hire  an  architect  for  such 
serv i cos . 

Today  the  education  of  an  architect 
in  the  UK  is  usually  acquired  through 
five  years  of  un i vers i ty- love  1 courses, 
i.o.,  a three-year  BA  plus  a two-year 
BArch  curriculum,  followed  by  a two-year 
working  internship  under  the  supervision 
(and  hire)  of  a registered  practitioner, 
(ode s of  conduct  for  the  "professional 
architect"  are  promulgated  by  both  RIBA 
and  ARCUK,  the  two  codes  being  nearly 
identical.  The  codes  are  expressed, 
primarily  in  terms  of  the  self-employed 
architect.  Approximately  SOI  of  the 
over  25,000  registered  architects  in  the 
Uk  provide  services  on  their  own  account, 
the  balance  are  employees. 

The  early  form  of  architectural 
education  was  the  "pupillage"  system, 
with  night  classes  i n technical  institutes 
and  art  schools  supplementing  the  daytime 
work  experience  of  the  student.  The 
universities  were  then  (and  are  still) 
considered  socially  and  academically 
superior  to  the  technical  institutes 
and  art  schools.  After  the  student  ac- 
quired the  education  and  training  he 
sat  for  the  RIBA  examinations.  Up  to 
1057  the  pupillage  system  accounted  for 
half  the  total  students  in  the  field, 
formal  (complete)  courses  at  university- 
level  institutions  accounted  for  the 
other  half. 

At  the  1058  Oxford  Conference  on 
Architectural  education,  it  was  decided 
that  all  RIBA  accredited  courses  should 
have  an  entry-level  standard  equal  to 
that  of  the  universities,  and  all  recog- 
nised course  programs  should  be  located 
in  universities  or  institutions  of  com 
parable  standard.  The  recognition  and 
acceptance  of  an  academic  program  by 
the  RIBA  implies  that  the  students  who 
successfully  complete  the  program  are 
exempt  from  the  RIBA  examinations  for 
those  particular  stages  of  education. 

By  1978  all  courses  were  so  located. 

One  of  the  devices  that  accomplished 
this  was  the  absorption  of  the  technical 
institutes  and  art  schools  into  new 
universities  and  po Iv technics , all 
government  controlled.  There  is  only 
one  school  of  architecture  in  the  United 
kingdom  that  is  recognized  by  the  RIBA 
and  is  not  under  government  control, 


namely,  t lie  Architectural  Association 
in  Bedford  Square,  London. 

The  way  British  architectural  edu 
cation  has  developed  has  led  to  certain 
problems,  upon  which  leading  participants 
in  its  development  have  commented.  Alex 
Cordon,  a past  president  of  the  RIBA, 
in  li  i s address  to  the  Darwin  College 
Colloquium  "Professors  and  Professionals" 
given  in  January  19”8,  commented  on  ar 
chitectural  curricula  in  institutions 
of  higher  education:  "'Intellectual 
discipline'  was  interpreted  as  being 
superior  to  'vocational  training,'  which 
in  a sense  it  is;  but  as  some  schools 
began  to  take  it  as  a substitute — al 
though  this  was  never  the  intention — 
there  were  serious  consequences.  Some 
of  the  polytechnic  schools,  in  particular, 
in  their  eagerness  to  develop  academic 
status,  equated  intellectual  respecta 
hility  with  a departure  from  practical 
ity....  Under  the  guise  of  liberal 
studies  on  intellectual  advancement, 
courses  have  sometimes  been  dominated 
with  activities  on  the  fringe  of,  or 
beyond,  the  ultimate  practice  of  arclii 
tecture  at  the  expense  of  essential 
knowledge  and  skills." 

Cordon  quotes  t lie  noted  consulting 
engineer  and  architect  Sir  Ove  Arup: 

"The  architect  was  once  a master  builder. 
After  he  had  ceased  to  be  a builder  him 
self,  he  was  still  master;  lie  knew  the 
art  and  craft  of  building,  and  he  could 
design  competently  and  tell  the  builder 
how  the  work  should  be  done.  But  sub 
merged  by  technology,  lie  had  to  learn 
new  tricks,  he  was  bewildered,  insecure, 
lie  had  to  listen  to  advice.  lie  was  still 
master,  but  lie  didn't  master  the  tech 
nique  of  building  any  more.  And  a gene 
ral  who  doesn't  know  his  army,  an  artist 
who  doesn't  know  his  medium,  and  a de 
signer  who  lias  to  choose  among  unf  am  i I i ai 
materials  and  processes,  is  in  an  inse- 
cure position.  lie  cannot  design  with 
confidence  and  he  is  in  danger  of  losing 
the  respect  of  those  he  commands." 

Cordon  further  quotes  from  the  polio 
documents  of  one  of  the  main  political 
parties  on  cons  t rue  t i on : "At  ('resent 
education  is  controlled  by  the  various 
P ro  tvs  s i on  a 1 nisi  1 1 u t ions  - -a  rch  i t ect  lira  I 
education,  for  instance,  through  the 
Board  of  education  of  the  Renal  Institute 
of  British  Architects.  Courses  tend 
therefore  t e>  embodv  a narrowly  proto- 
sum. i I approach,  giving  inadequate  at  ten 
t ion  both  to  production  aspects  and  to 
the  wider  social  context  ot  protossional 
work.  They  rarely  offei  am  practical 
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experience  in  the  building  industry, 
restrict  entry  to  those  with  high-status 
academic  qualifications,  and  give  inade- 
quate attention  to  the  need,  in  an  ever 
changing  technical  environment,  for  mid- 
career retraining.  We  therefore  believe 
that  education  should  be  taken  out  of 
the  hands  of  the  professional  institutions, 
and  controlled  instead  by  a body  repre- 
senting the  interests  of  the  industry 
as  a whole,  perhaps  the  Construction 
Industry  training  Board."  liordon  con- 
cluded his  address  by  saying  that,  "Po- 
litical parties,  centres  of  learning 
and  professional  groups  are  all  institu 
t ions,  but  in  my  opinion  the  last  two 
have  more  in  common.  Politicians  are 
primarily  concerned  with  issues  of  the 
moment.  Universities  and  professional 
institutions  have  always  been  concerned 
with  longer  term  issues.  They  are  ines- 
capable necessary,  increasingly  comple- 
mentary and  dependent  upon  each  other. 
Society  will  be  ill  served  if  the  profes- 
sors and  the  professionals  cannot  work 
together  sufficiently  to  ensure  that  fu- 
ture educational  policies  are  not  set 
by  politicians." 

dohn  t.loyd,  now  Consultant  Head  of 
the  Department  of  Architecture  at  the 
Regional  College  of  Art  in  Hull,  Ilk, 
when  installed  (in  1 V>t> 7 ) as  Principal 
of  the  Architectural  Association,  had 
other  views:  "Apart  from  the  enormous 
expansion  in  educat i on ...  another  major 
trend. ..is  toward  individualisation  and 
separate  but  interwoven  with  this,  a 
trend  towards  breaking  down  the  standard 
compartmentalised  curriculum."  He  went 
on  to  compare  it  with  what  he  saw  as 
the  virtues  of  American  universities: 

"...  individual  ism. ..has  gone  furtherest 
...due  to  three  factors:  firstly  that 
American  education  at  university  level 
is  a mass  based  education  as  opposed  to 
the  elite  based  university  education 
of  Purope  and  Britain. . .secondly  due  to 
an  underlying  belief  in  the  freedom  of 
the  individual  and  hence  his  freedom 
to  choose  his  own  course,  and  finally 
because  of  the  belief  that  by  allowing 
each  person  to  follow  his  own  course 
the  greatest  potential  will  be  achieved 
within  that  person  which  will  be  to 
the  eventual  good  of  society." 

Lloyd  defined  architecture  as  a 
p rob  1 em-based  p robl em-or ien t ed  p ro l ess  ion . 
"Our  prime  task  is  to  solve  problems 
but  not  merely  in  u mechanical  way, ..but 
in  such  a manner  that  the  value  content 
of  the  given  situation  is  increased 
by  the  solution  we  adopt.  This  process 
is  otherwise  known  as  Design,  and  in 


our  case  is  employed  in  the  area  of  phys- 
ical environment  but  has  very  important 
social  implications." 

He  continued:  "The  past  decade 
has  seen  an  enormous  increase  in  the 
awareness  of  the  need  for  science  and 
technology  within  the  architectural 
profession.  Whilst  1 fully  acknowledge 
the  contribution  this  has  made...,  1 
none  the  less  re-affirm  my  belief  that 
the  primary  task  of  the  Architect  is 
to  design."  Lloyd's  view  into  the  future 
produced  this:  "But  now  each  of  us  and 
the  profession  as  a whole  has  to  decide 
the  scale  of  activity  where  our  major 
effort  will  be....  We  must  give  up  the 
life  sapping  nostalgia  for  other  scales 
of  activity  than  those  we  have  chosen 
and  the  delusion  of  the  universal  man. 

1 am  convinced  that  if  the  profession 
is  to  make  its  contribution  to  society 
it  must  move  its  centre  of  effort  into 
a larger  scale  than  at  present,  and  in 
such  a way  that  the  profession  will  in- 
creasingly control  its  own  belief.... 

If  this  is  done  then  one  of  the  first 
casualties  will  be  the  artist  crafts- 
man.... In  the  same  way  we  will  have 
to  give  up  the  obsessional  role  of  form 
giver,  the  creator  of  contemporary  fet- 
ishes.... Our  task  of  spatial  o rgan i ;a 
t ion  will  remain,  but  "the  role  of  co- 
ordinator and  of  solution  programmer 
and  synthesiser  will  clearly  become  of 
the  greatest  importance." 

Barrie  B.  Steele,  in  a discussion 
paper  given  to  the  RIBA  1 ducat  ion  Com 
mittee  in  February  1!>77,  gives  a point 
of  view  of  a professional  who  teaches. 

The  comment  that  he  makes  is  quite  typi- 
cal in  both  the  UK  and  US.  "In  the 
nineteenth  century  there  was  no  profes- 
sion of  quantity  surveyors:  they,  and 
their  younger  brothers  the  building  sur 
veyors,  sprang  from  our  | architect s ' 1 
loins.  Town  Planners  have  since  bred; 
we  are  spawning  Project  Managers  at  the 
moment.  We  insist  that  the  client  should 
employ,  and  pay  direct,  other  specialists 
too;  structural  and  services  engineers, 
interior  designers,  external  landscapers, 
safety  consultants,  development  advisors 
and  the  like.  Not  only  have  we  relin 
quished  control  but  we  have  actually 
proposed  that  it  be  passed  to  others." 

The  future  of  architecture,  as  with 
most  professions,  is  clouded.  Ihe  divi 
sions  of  labor  are  changing.  Ihe  oppor 
tunities  for  construction  are  at  the 
moment  still  in  decline.  Ihe  need  toi 
construction  still  remains.  in  Croat 
Britain,  the  profession  feels  that  there 
are  too  manv  architects  at  the  table. 
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lot  .ilono  those  lust  coming  in  the  door, 
ihose  at  the  table  cannot  even  agree 
on  the  menu.  Some  of  those  at  the  table 
do  not  feel  that  others  at  the  table 
are  still  q ua  lift od  to  be  there. 

Since  the  oarlx  ''Os  the  volume  ot 
i on  s t rue  1 1 on  hainlleO  bv  architects  has 
declined  > sv;u  i t i c ant  l v . I'll©  numbei  ot 
t 1 odg  l i njj  architects  prosluced  by  the 
schools  remains  relativelv  constant, 
in  tact  there  might  be  a t o\>  percentage 
points  of  lie.  the  main  opportunity 
Cm  expansion  for  architects  in  the 
OK  is  to  export  t he i i services  to  the 
1 h 1 1 0 World. 

While  there  i much  anguish  expresses! 
o\ci  the  scope  of  an  architect’s  act  tv  i 
tie.,  t he  re  still  i ema  ms  t lie  eve  r - 
pi  eat  core  ot  the  Hu i Id  tug.  All  stand 
a • ..  . t ocus  on  t he  ab  i l i t s toil  eat  e 1 hat 
■milling.  Ihe  criteria  tor  evaluating 
these  standards,  attributes,  and  subjects 

0 knowledge  are,  like  the  British  ion 

i i tut  ion,  unwritten  and  will  probable 

1 -.iin  in  that  state.  1 critical  spies 

i a is:  Who  shapes  the  definition  ol 
tin  irchiCect  the  p tv  l es  s ion  , or  the 
pul  lie  who  consumes  the  services  ot  the 
a i . 1 1 tret  " Up  till  now  the  K I HA  has, 
moil  *i  less  successfully,  del  mod  the 
role  And  in  the  main  the  RIHA  also 

ol  -is  the  criteria  and  standards  used 
to  lua to  the  architect.  It  is  onlv 
m it  lii  recent  momori  that  the  Architects 
Kegi  at  ion  fotinc  I 1 of  the  United  king 
iIom  made  moves  to  assert  ome  autlioi 

i t s this  a re a . As  vet  these  moves 

ii  i ■■  igni  ( leant . Iho  press  appears 
i > c e oul\  voice  of  the  public  that 

i it  tire  in  bringing  the  shortcomings 
i » he  .'less  ion  to  the  attention  of 
t e wl  might  take  action.  It  is  the 

do  t i p t ui-  o t i ittp  rop  r i et  i e s , the  e t t ec  t * 
ot  i an  Its  tun  I ding,  and  the  liabilities 
ol  tin  .in  Intis  I therefore  that  exert 
pi  ..ui.  tot  change,  iKogor  I’rkin,  Pro 
i i -.ol  o l \ r i h 1 1 ei  t in  e , Sv  rac  use  thi  I ve  i 

sits' 

iKogoi  I'lkin  took  a research  leave 
ii.  I ondon  xtending  from  1 danuarv  l‘> '8 
to  I 'las  in  onlei  to  t lids  the  I slices 
siding  t e architestur.il  cur  I I cu  1 um 
in  the  Ilk.  On  Is  Mas,  a few  slavs  alter 
' s'  1 etuis  this  article,  he  suffered  a 
hi  ait  attack  and  died  while  still  in 
I o inlisn  . lie  was  deep  I v interostosl  in  the 
t ea,  Ii  nig  ot  architecture  and  had  inteiisle.l 
to  s am  suit  a similar  investigation  with 
ts'gaid  t s>  tin-  IIS,  then  sontpnriug  the  two 
approas  lies  , 1 
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During  a recent  visit  to  the  Mate- 
rials llepartment  ol  the  I sols'  I’olvts'ch 
nii|us’  l^ill'rale  de  Lausanne  Ill’ll  ).  Sw  1 1 
erlaml,  I hail  tbs'  opportunity  ot  visiting 
a group  ol  exchange  students  | rum 
i irnegie  Mellon  University  (U-M1I).  Ilu 
iniis'vat  ive  exchange  program,  now  in  its 
third  year,  involves  iiuiiorx  from  various 
s- ni,  i net'  r i n g and  science  departments 
a!  I I’ll  ami  l'  - Mil  who  spend  at  least  a 
vi'.u  at  tin'  "foreign’'  univei  .its  taking 
accredited  degree  sinuses.  While'  approved 
b s ( hi'  a dm  i n i ■■  i i a t i on  o I both  school.. 
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St  mien  fs  from  both  inst  1 1 lit  ions 
are  unanimous  in  their  praise  s' I the 
p log i am,  even  after  admitting  the  pres 
once  of  minor  irritants.  I here  is  the 
language  problem  I alluded  to  earlier, 
the  coping  with  a new  living  environment, 
and  the  unfair  comp.ii  icons  s' I tlu-  geo 
graphical  setting  and  scenerx  between 
I ausanne  anil  Pittsburgh  (1  tried  to  soothe 
th<'  anguish  ol  the  I’-MU'ers  longing  Um 
thi-  b ven  t lit  ak  ing  view  s' I the  I si  gar 
Ihismpson  works  ot  US  Sti-el  on  the  banks 
ol  the  beautiful  Monongabe  1 a 1 . flies e 
problems  are  more  than  compensated  I su 
bv  (In'  unite  different  educational  ex 
perience,  the  obvious  travel  benefits, 
ami  tils*  i sin  I islence  that  ionics  I nun  t list 
surviving  atul  then  flourishing  in  an 
a I i <'ii  ett v i tviiment  . 
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As  most  loaders  aiv  aware,  the  phi 
losophr  . stvlo,  .nut  goa  \ s ot  ,m  u Hilo riirau 
n.it  i-  one  moor  me  oi  ■>  ienco  cvlui  .it  i oil 
v .in  v .1  r \ considerably  hctivccn  US  ami 
t uropean  schools,  aiul  IT -Mil  aiul  ll’ll  arc 
no  exceptions  to  this.  Ihc  Puropcan 
system  vtevotes  a v on  s i ,1c  rah  1 e portion 
i<  I its  courses  to  fundamentals  with  cm 
phasi  s on  mathematical  i'  i o i aiul  generally 
eschews  the  vleve lopinent  of  what  might 
he  v. illtul  the  conceptual  skills  assoc  i 
a toil  with  problem  solving.  In  line  with 
this  approach,  homework  assignments  are 
not  extensive,  there  is  emphasis  on  tra 
vlition.il  aiul  somewhat  formal  lecturing, 
ami  there  can  he  a si.- able  absentee  rate 
from  classes  as  stiulents  t eml  to  prepare 
for  critical  eiul-vear  exams  on  their 
own.  1 think  it's  fair  to  contrast 
t In'  US  system,  as  per  son  i f it’ll  generally 
hv  i-MU,  as  one  that  uses  fundamental 
skill-,  as  more  of  a framework  to  develop 
the  analytical  -.kills  necessary  to  a. I 
dress  and  solve  "real-world"  problems. 

In  addition,  there  is  a greater  tendency 
t o monitor  a student's  progress  closely 
hv  more  freijiient  homework  and  i|tti.  :os. 

Ihe  t"  - Mil  students  are  of  the  general 
opinion  that  the  more  classical  Puropcan 
srsfeiB  with  emphasis  on  individual  learn 
mg  stems  from  the  use  of  a much  finer 
filter  in  the  Puropean  admission  process. 
Prospective  stiulents  undergo  a mind- 
stretching  series  of  entrance  exams  with 
heavy  emphasis  on  mathematical  skills. 

V case  v an  he  made  that  with  such  an 
approach,  admission  becomes  the  in;,  u'r 
harrier  to  ultimate  graduation;  in  tin 
US  there  is  a greater  attrition  rate 
in  the  later  rears  as  weaker  students 
find  themselves  unable  to  cope  with  more 
advanced  courses. 

l'herc  is  no  wav  to  judge  wl.i.h  s\ 
tern  is  better  or  whether  such  a comp. in 
son  has  any  meaning.  I veil  with  the  .1 1 t 
ferences,  there  is  considerable  v oiiimon  a 1 1 1 \ 
v>  l purpose,  aiul  judging  by  the  success 
o t the  exchange  stiulents,  both  groups 
are  well  prepared  to  I loin  ish  at  either 
place.  Ihe  true  test  of  the  success 
ot  any  education  system,  of  course,  is 
liv'w  well  its  products  (graduates)  provide 
the  technological  and  scientific  skill-, 
needed  by  its  society,  and  more  important Iv 
how  well  they  can  cope  with  new  and 
unexpected  areas.  There  is  a required 
balance  then  between  skill  development 
and  the  ability  t o move  beyoinl  restrictive, 
spec  i .» 1 i • ed  engineering  and  science  ap 
plications.  1 will  not  even  attempt 
tv’  pass  judgement  on  which  ot  the  above 
approaches  vines  this  better. 


An  interesting  counterpoint  to  the 
more  formal  buropean  system  is  the  con 
siderahle  autononn  riven  l o stiulents. 
ha cli  class  has  a democratically  elected 
representative  who  arbitrates,  ven  ol 
ten  successfully,  with  the  I .unit  r on 
v ourse  amt  scheduling  issues,  ihie  ot 
the  l'  - Ml!  students  likened  this  t o col 
lective  bargaining,  although  in  Suit  et 
laiul  it  is  a much  more  modest  effort 
than,  sa v Spain,  where  stiulents  have 
a direct  vote  for  the  choosing  of  Untvet 
site  .nlm  i a i s f ra  f ot  s , or  Uret'ce,  where 
there  has  been  a two-month  student  • t t ike 
to  increase  the  number  of  times  thev 
can  retake  vear-einl  exams  to  avoid  re 
peat  mg  the  course  I t hex  wish  I v>  increase 
this  from  two  to  three  t imesl.  Perhaps 
an  increased  interest  t n "democrati.a 
tiv’it"  will  be  something  else  the  exchange 
stiulents  bring  back  to  the  US  along  with 
their  slides,  fluent  I tench,  and  woiulei 
Ini  memories.  ( 1 . M,  Bernstein) 


NUi'l  f III  PUMI’1  U I AS  I US 

Nuclear  pumped  lasers  are  a new 
and  somewh.it  controversial  field  of  lasei 
t eclino  J ogv . Die  basic  idea  is  to  con- 
vert t i s s i on  energy  direct 1\  into  laser 
light . Since  SIH  ot  the  fission  energy 
i s invested  as  kineli.  energy  of  the 
two  fission  fragments,  it  is  hoped  that 
these  heavy  ions  (charge  up  to  will 

ion  i .’  e the  laser  gas  and  t lie  so  formed 
energetic  electrons  will  pump  the  laset 
gas.  Hits  is,  so  tv’  -peak,  electron 
beam  pumping  via  miniature  electron  beams 
except  that  such  beams  need  not  he  pro 
\ ivied  from  the  outside,  but  are  generated 
by  nuclear  energy  inside.  Those  familiar 
with  mi.  1 ea  r criticality  will  i mined  i at  e 1 y 
conclude  that  the  power  density  deposited 
into  the  laser  gas  is  limited  oul\  hy 
the  constraint  that  the  derive  Ireactoit 
has  to  stay  intact.  In  othei  words, 
powet  density  is  determined  only  b\  the 
power  removal  rale.  lor  a high-powei 
laser  man,  this  should  sound  like  para 
vli se.  Nevertheless,  the  scientit'iv  com 
muni  tv  is  not  onlv  cold  about  this  idea, 
hut  tor  some  reason,  emotionally  against 
1 1 . 

It  was  therefore  ven  interesting 
tv’  learn  that  an  international  confeieiue 
would  he  held  on  this  subject.  It  could 
he  hoped  that  in  such  a forum,  biases 
and  political  constraints  would  he  ah 
sent,  and  one  vould  get  a vlo.uoi  ptctuie 
ot  what  ts  behind  nueleat  pumping  o f 
I use  r -. , 
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The  "Hirst  International  Symposium 
on  Nuclear  Induced  Plasmas  and  Nuclear 
Pumped  Lasers"  was  held  from  23-25  May 
1978  at  the  Laboratoire  do  Physique 
des  Plasmas,  University  de  Paris-Sud, 

Orsay,  France.  Papers  given  pertained 
to  nuclear  pumping  of  lasers,  the  gaseous 
core  reactor,  measurement  of  lifetimes 
of  atomic  states  excited  by  fission  frag- 
ments, optical  constants  of  uranium  plas- 
mas, excitation  of  gases  by  heavy  ions 
from  accelerators,  and  proton  beam  ex- 
citation of  lasers.  The  countries  rep- 
resented by  papers  were  the  US,  France, 
Germany,  and  t lie  Netherlands.  There 
were  attendees  from  other  Lu rope an  coun 
t r i e s . 

From  the  slides  shown  by  Drs.  K. 

Thorn  (NASA  1IQ)  , II. II.  Helmick  | Los  Alamos 
Scientific  Laboratory!,  and  T.  Mo h 1 
(NASA,  Langley),  one  can  gauge  the  ap- 
plications NASA  envisions  for  nuclear 
pumped  lasers.  These  are  long  range 
communication,  energy  transfer  to  space 
probes,  or  even  laser  propulsion  of 
space  vehicles.  For  i he  last  purpose, 
a compact  gaseous  core  reactor  is  envi- 
sioned as  a space  vehicle's  power  sup- 
ply. Because  the  nuclear  fuel  is  in 
a gaseous  state,  a suitable  laser  gas 
mixture  can  be  added  to  it,  thus  the  laser 
and  reactor  would  be  one  integral  unit, 
lor  this  reason,  development  of  the  gas 
core  reactor  is  of  interest  to  the  nuclear 
laser  people.  A review  of  the  status 
of  this  development  was  given  by  Helmick. 
There  is,  at  present,  a beryl  1 iuin-re fleet ed 
gaseous  core  reactor  located  at  Los  Alamos 
Scientific  Laboratory,  that  is  operating 
at  low  temperature  and  is  undergoing 
reactor  physics  experiments.  The  fuel 
handling  system  was  supplied  by  United 
Technologies  and  was  described  in  two 
papers  given  by  J.S.  Kendal  and  W.C.  Roman, 
respect ively. 

The  bulk  of  the  US  nuclear  pumped 
laser  work  is  being  done  by  NASA  Langley 
Research  Center,  i.os  Alamos  Scientific 
Laboratory,  University  of  Illinois,  Uni- 
versity of  Florida,  Sandia  Laboratories, 
and  North  Carolina  State  University  (the 
order  is  arbitrary).  Newcomers  are  Miami 
University  of  Ohio;  Auburn  University, 
Alabama;  and  the  Advanced  Technology 
Center,  Huntsville,  Alabama.  In  the  Furo- 
pean  countries,  efforts  in  nuclear  pump- 
ing are  located  at  the  UniversitHt  of 
Stuttgart;  University  Paris-Sud,  Orsay; 
and  the  University  d'Or leans.  An  effort 
in  gaseous  core  reactors  exists  at  the 
I 0M- In st itute  for  Atomic  and  Molecular 
Physics,  Amsterdam. 
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Judging  from  the  presentations  given, 
it  can  be  said  the  whole  field  is  still 
in  its  infancy.  However,  it  seems  to 
be  growing  fast.  The  state-of-the-art 
is  that  for  all  noble  gases,  nuclear  pump 
ing  has  been  demonstrated  employing  fast 
burst  reactors.  Also,  CO  has  been  pumped, 
and  nuclear  augumen t at i on  has  been  demon 
st ruted  for  Cls  1 (JPL  and  IASL).  Some 
old  experiments  (early  1971)  curried  out 
at  the  University  of  Florida  demonstrated 
nuclear  augmentation  of  CO,  (CK).  (Nu 
clear  augmentation  means  that  only  a fr-'c 
t ion  of  the  laser  energy  comes  from  nuclear 
energy  while  the  rest  comes  from  conven 
t ional  sources.)  All  burst  reactors 
deliver  a very  high  neutron  flux  (Id1’ 
n/cmJ sec  and  more)  for  a short  time  (100 
psec).  Therefore,  the  lasers  excited  with 
these  reactors  appear  to  be  pulsed  lasers, 
but  they  are  really  not,  at  least  not 
in  the  sense  of  pulsed  lasers  of  regulat 
laser  technology.  They  are,  indeed,  CIV 
lasers  that  cease  lasing  action  because 
the  source  of  excitation  is  ceasing  op- 
eration. From  the  results  of  all  these 
previous  experiments,  it  was  believed 
that  nuclear  pumped  lasers  require  a 
threshold  neutron  flux  of  about  1 x 
10' 5 n/cm'sec.  A paper  given  by  B.U. 

Carter  (University  of  Florida)  showed 
that  this  is  not  the  case,  lie  reported 
on  a CIV  (hours)  nuc  lear-pumped  laser 
experiment  involving  lle-Ne  that  required 
a threshold  of  only  1 x ID1-’  n/cmrsec. 

This  new  result  confirms  that  nuclear- 
pumped  laser-reactors  could  be  based 
on  existing  reactor  technology. 

What  has  to  happen  next?  In  order 
to  overcome  the  scepticism  of  the  laser 
community,  the  next  step  has  to  demon- 
strate that  a high-power  nuc  lear-pumped 
laser  is  feasible.  Ibis  must  be  a CIV 
or  repetitively  pulsed  laser  ol  high 
repetition  rate,  so  that  an  average 
power  of — sav  at  least  5 IV  -can  be  de 
1 ivered  for  an  extended  time  period 
(minutes  or  hours).  There  will  siiii 
be  a long  wav  to  go  to  the  required 
kilowatts  or  even  megawatts,  but  it 
will  be  sufficient  to  interest  enough 
people  to  work  m the  field  so  it  can 
become  a viable  discipline  of  lasei 
technology.  (R.T.  Schneider,  Univ.  ol 
Florida,  Pept.  ot  Nucloai  Inginooring 
Sciences,  C.a  i nesv  i 1 le  , 111 
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now  don't  t;r. r rattlld. 


During  the  fall  of  ID7(>  uiul  there- 
after noises,  heard  mostly  indoors,  were 
reported  in  the  southwestern  part  of 
England.  The  overwhelming  majority  of 
these  reports  noted  that  the  noises  oc- 
curred about  nine  o'clock  in  the  evening 
on  most  nights  of  the  week.  Since  the 
noises  resembled  in  some  respects  those 
of  a thunderstorm  at  a distance  or  pos- 
sibly an  explosion,  an  attempt  was  made 
to  correlate  them  with  any  explosions 
taking  place  in  the  area,  or  thunderstorms. 
However,  the  regularity  of  t lie  noises 
over  a wide  area  began  to  raise  concern 
that  they  might  be  man-made  or  man- 
timetabled,  and  might  be  very  loud  at 
t lie i r po i n t of  origin. 

On  lt>  November  107t>  at  t lie  invita- 
tion of  Dr.  D.  fanner  of  the  Western 
Daily  Press,  Mr.  T.V.  Lawson  of  the  Hniv. 
of  Bristol's  Dept,  of  Aeronautical  lii- 
gineering  began  investigating  this  phe- 
nomenon. Lawson  went  to  North  Petherton 
in  Somerset  where  the  phenomenon  had 
been  reported,  and  he  indeed  heard  a 
distant  rumble.  In  fact,  lie  heard  a 
series  of  three  rumbles  with  time  sepa- 
rations of  20  and  1 0 seconds,  the  middle 
one  being  slightly  louder  than  the  other 
two.  Curiously,  the  sound  was  much  more 
obvious  indoors  than  outside,  a fact 
attributed  later  to  its  low-frequency 
characteristics  which  tend  to  rattle 
window  panes.  1 awson  was  joined  in  this 
investigation  by  his  colleagues  at  Bris- 
tol, Dr.  B.D.  Adams  of  the  Dept,  of  Mech- 
anical Pngineering  and  Dr.  I’.S.  Applin 
of  the  Dept,  of  Physics.  Measurements 
conducted,  indicated  that  no  ground 
motion  was  involved,  although  a very 
definite  sonic  disturbance  was  recorded. 
After  an  announcement  on  television  and 
a call  for  the  cooperation  of  the  public, 
some  SOD  replies  were  received.  An  im- 
portant input  to  these  public  reports 
was  the  precision  of  some  of  the  time 
information  as  Lawson  had  asked  observers 
to  check  the  time  a ra  i ns  t the  Post  Office 
Telephone  System's  time  signals.  De- 
scribing in  detail  the  occurrence  of  the 
noises,  the  reports  when  taken  together 
indicated  a pattern  progressing  with 
time  over  southern  Lngland. 

It  wa.->  then  that  Concorde  became 
suspect  as  the  source,  although  its  su- 
personic flight  paths  in  the  middle  of 
the  Inglish  Channel  are  designated  so 


as  to  assure  that  the  direct  sonic  boom 
does  not  reach  the  coast. 

The  structure  of  the  atmosphere 
is  such  that  its  temperature  decreases 
from  sea  level  up  to  an  altitude  of  11  km. 
Prom  11  km  to  20  km  the  temperature  is 
isothermal.  Prom  20  km  to  SO  km  the 
temperature  increases,  and  above  that 
it  decreases  again  up  to  an  altitude  of 
K0  km.  Above  about  1 00  km  the  tempera 
t lire  again  begins  to  increase  rapidly 
in  a region  called  the  thermosphere. 

This  temperature  structure  is  the  primary 
factor  determining  the  sound  speed  pro- 
file in  the  atmosphere  as  the  effects 
of  pressure  are  compensated  by  equivalent 
density  changes.  Taken  with  the  wind 
profile  it  determines  how  sound  is  prop 
agated  through  the  atmosphere  and  can 
result  in  sound  radiated  into  the  atmos 
phere  being  returned  to  the  earth.  At 
mospheric  refraction  and  the  properties 
of  an  aircraft  source  (speed,  much  n umber, 
height,  etc.)  determine  the  area  on  the 
ground  which  will  be  irradiated  h\  re 
fracted  sound  from  the  vehicle.  Ibis 
area  can  be  substantially  larger  than 
the  "primary  carpet"  irradiated  direct  lv. 
Within  this  larger  area  separate  "car 
pets"  moving  with  the  aircraft  tan  be 
identified  as  associated  with  "reflection" 
from  each  of  the  regions  of  increasing 
atmospheric  temperature,  and  with  sound 
leaving  the  aircraft  in  an  upward  and 
downward  direction.  These  overlapping 
"carpets"  of  sound  impingement  may  be 
identified  by  the  different  arrival  times 
associated  with  their  various  ; ouml 
paths.  They  may  be  further  multiplied 
by  additional  reflections  from  the  ground 
for  each  type  of  path. 

Bay  tracing  techniques  have  been 
used  to  delineate  the  various  "iarpots" 
for  a variety  of  atmospheric  conditions 
including  wind  shear  (which  varies  with 
the  season),  and  for  various  aircraft 
operating  conditions,  and  then  correlated 
with  observer  reports  and  Concorde  opera 
tion.s.  In  this  work  of  resolving  the 
nature  of  the  observed  signals  the  Bris 
tol  group  have  received  ready  assistance 
from  Bristol  Aerospace,  from  British 
Airways  on  Concorde  operating  schedules 
and  operations,  and  from  the  Dk's  Depart 
ment  of  Trade  and  Industry.  Not  all 
of  the  noise  reports  have  been  t ied  to 
Concorde,  for  some  events  occur  at  times 
which  cannot  be  correlated  with  Concorde 
flights.  These  extraneous  noises  may 
have  other  possible  sources  such  as  gun 
nery  practice,  quarry  blasting  and  the 
like,  and  military  supersonic  aircraft. 
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Wo  should  omphasi:e  that  the  s i jj 
n.ils  It.ivo  boon  ot  ton  intousitv  and  prob 
ablx  were  i'm!'  observed  im  t ho  first 
instance  because  ot  a oombin.it  ion  of 
.1  vorv  quiet  rural  background,  amt  their 
ov.  in  vonoo  on  .1  wo  l 1 -dot'  i ne.l  solioitulo, 
t ic.l  to  a period  when  UK  rosiilents  habit 
uallx  Its  ton  to  t ho  HUH' s 0 pm  News. 
Highest  lovols  observed  that  could  bo 
..Mvot.it  o.l  1. 1 1 ti  lonoor.to  havo  not  ox 
.ceded  about  1 I’a  t t N/nr  ' , amt  movo 
usual  In  lovols  havo  boon  loss  than  0..’  t'a. 

Not-iblx  t ho  signals  observed  aro 
n.'t  .livoot  obsovvat  tons  of  t ho  primary 
shockwave  from  t tio  suporsonio  aircraft, 
although  thev  aviso  from  it.  The  air 
. v.ut  .loos  not  movo  at  suporsonio  speed 
over  the  point  whore  the  sounds  aro  oh 
sowed.  However,  when  the  airoratt  is 
moving  super  son  i o.l  t l v over  the  sea,  its 
shock  wave  efforts  max  be  noted  some 
li’i'  miles  away  over  the  land  as  a result 
of  vefv.iotton  in  the  atmosphere. 

Some  our  ions  of  toots  have  been  re 
ported  relative  tv'  these  signals.  lor 
example,  on  a number  of  oooas  ions , it 
has  been  observed  that  pheasants  seem 
to  have  sensed  a signal  perhaps  M>  see- 
on .! s before  its  human  observation.  Sinoe 
most  of  the  sound  is  below  S 11:  tt  is 
inaudible  to  humans  but  ooul.l  perhaps 
be  ense.l  bv  birds  through  the  vibrations 
oi  the  br.tnehes  upon  wliioh  they  were 
roosting.  Snob  an  explanation  would 
still  leave  as  issues  the  time  .to lav 
and  the  transmission  path.  S unites  with 
a limited  number  of  experionoed  observers 
a re  . on  t i nu i ng . 

(Martin  lessen  and  Aubrex  IV.  Prveel 
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I oval  readers  of  >.'V  will  vert  a in  I v 
know  bv  now  that  the  Ma  x-1’  1 unok- Ills  t 1 1 ut  es 
form  an  important  element  in  the  fahri. 
of  West  Herman  research.  I her  are  sup 
ported  primarily1  by  funds  that  come 
through  the  federal  llove rumen t , but  .’i'f 
of  their  support  also  comes  from  private 
funds  ami  en.lowmonts.  Altogether  there 
are  St>  institutes,  researeh  units,  and 
project  groups  supported  bv  the  parent 
organi  .at  ion.  About  .'•I's  of  the  govern 
mental  research  funding  goes  to  those 
laboratories,  Ihev  do  not  teach  but 
have  a large  number  ot  students  from 
un  i vers  1 1 tes  and  guests  from  abroad  who 
use  t ho  spec  i a 1 i : o.l  facilities  ot  the 
institutes.  Universities  obtain  theii 
funding  primarily  from  the  West  Herman 
state  in  which  tliex  are  located.  lor 
instance,  the  University  of  Stuttgart 
is  .supported  by  Swabia.  As  a result 
there  is  no  direct  competition  for  funds 
between  universities  and  the  Max-I'lanck- 
lnst  i tut  os.  Nevertheless,  it  seemed 
to  me  that  there  exists  a vigorous  and 
healthy  competition  for  scientific  pros 
t i go . 

In  Stuttgart,  the  two  institutions 
seem  to  face  each  other  in  the  discipline 
ol  solid  state  phi  sics  and  i ii  real  space 
as  well.  An  earlier  note  i»\V  has 

described  the  special  concent  rat  ion  ot 
solid  state  research  effort  in  the  Uni 
versitv  of  Stuttgart.  The  new  University 
buildings  l.'ok  .'ut  over  a half  mile  ot 
t arm  I and  to  the  equally  new  buildings 
o t the  Max -1'  1 anc  k-  1 ns  t i t ut  h for  Research 
in  Solids.  this  Institute  has  a staff 
of  .'OP  of  whom  <>S  aro  scientists.  The 
work  ot  the  Institute  covers  chemistry, 
physics,  and  theory.  It  tends  to  avoid 
research  in  metals  since  there  is  anothoi 
Max-P  1 anck  - 1 its  t i t ut  o devoted  to  those 
materials.  Ui root  ion  of  the  work  of  the 
Institute  falls  to  ton  senior  scientists 
each  of  whom  has  a nearly  independent 
research  program  that  ho  administers. 

One  of  the  Ui  rectors  .it  this  Insti 
tute  is  Professor  h.  Pransfold  whoso 
interests  involve  such  diverse  activities 
as  ultrasonics,  high  magnetic  fields, 
and  the  structure  ot  glasses.  I want 
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to  report  here  on  one  facet  of  his  work: 
the  piezoelectricity  of  po 1 yvi ny 1 idene 
fluoride  (PVF2). 

Piezoelectricity  has  gone  through 
a series  of  developments  since  its  dis- 
covery. Early  studies  concentrated  on 
single  crystals  such  as  quartz  which 
still  are  widely  used  for  controlling 
the  frequency  of  radio  oscillators  and 
are  finding  new  applications  now  in  elec- 
tronic watches. 

Ferroelectric  crystals  and  ceramics 
began  to  appear  about  four  decades  ago. 
These  materials  have  an  electric  dipole 
moment  even  without  t he  application  of 
an  external  electric  field.  Pressure 
can  change  the  field,  or  an  applied  field 
can  change  dimensions  of  the  solid  so 
that  these  materials  are  also  piezoelec- 
tric. In  the  same  way,  the  polarization 
may  change  with  temperature  so  that  the 
materials  are  used  also  in  pyroelectric 
applications.  Large  sonar  acoustic 
sources  are  frequently  made  of  ferroelec- 
tric ceramics — often  mixtures  of  tita- 
nates.  Sensitive  pyroelectrics  are  com- 
monly made  from  tri-glvcine  sulfate  ( TGS) . 

Recently  it  has  been  found  that 
a new  class  of  piezoelectric  materials 
exists  in  the  form  of  organic  polymers. 
This  development  followed  from  the  work 
if  Fukada,  who  looked  at  a variety  of 
biological  materials  and  found  that  even 
bone  and  tendon  developed  surface  charges 
when  stressed.  Development  moved  rapidly 
in  this  area,  and  now  PVFa  is  emerging 
as  the  most  promising  of  the  organic 
materials.  It  is  already  being  used 
in  piezoelectric  loudspeakers  and  fast 
pyroelectric  detectors;  its  flexibility 
i'd  light  weight  for  large  area  are  al- 
iments for  developing  it  as  detectors 
in  hydrophone  arrays.  When  used  in 
thin  films,  P V F 2 can  produce  high- 
frequency  acoustic  waves;  experiments 
it  frequencies  as  high  as  9 GHz  have 
been  reported.  In  pyroelectric  detectors, 
response  at  1 nsec  has  been  seen. 

To  form  a piezoelectric  film  of  PVF 2 . 
tiie  film  is  normally  aluminized  on  both 
si  lies  and  heated  to  about  100°C  for  an 
hour  with  an  electric  field  of  about 
5 x 10s  V/cm  applied.  The  film  is  al- 
lowed to  cool  to  room  temperature  with 
the  field  still  applied.  Upon  removal 
jf  the  field  the  film  is  now  seen  to 
be  piezoelectric. 

For  all  of  the  technological  devel- 
opment, however,  the  basic  mechanisms 
at  work  in  the  material  are  obscure. 

In  a normal  industrial  PVFa  material, 


the  films  have  been  found  to  be  05”  crys- 
talline as  seen  by  small  angle  x-ray 
scattering.  Of  the  crystalline  phase, 

90”  is  in  the  nonpolar  i-form,  and  101 
is  in  the  polar  6-form.  At  the  atomic- 
level  the  monomer  consists  of  tH2l'.F3. 

The  figure  illustrates  the  atomic  arrange 
ment  in  PVFj.  Due  to  the  strong  electro- 
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negativity  of  the  fluorine  atom,  the 
PVFj-chain  posesses  a strong  dipole  mo- 
ment normal  to  the  chain  axis.  In  the 
a - form  the  crystal  has  no  electric  dipole 
moment;  however,  there  is  a moment  for 
the  6-form.  Nothing  is  known  about  the 
effect  of  defects  in  the  polymer  chain 
or  of  the  influence  of  ionic  impurities. 

Most  of  the  explanations  that  have 
been  proposed  derive  from  the  experience 
with  inorganic  materials.  It  is  argued 
that  in  the  high- temperature  forming 
process,  dipoles  or  domains  are  oriented 
throughout  the  film  and  that  the  origin 
of  the  effect  is  in  the  6 crystals.  How 
ever,  PVF - samples  with  only  a crystals 
and  noncrystalline  material  have  been 
produced.  These  samples  also  show  piezo- 
electricity. These  results  seem  to  in- 
dicate that  the  processes  leading  to 
piezoelectricity  in  i’YFa  are  not  easily 
identifiable  with  those  in  inorganic- 
sol  id  s . 

In  recent  work  II.  Sussner  and  Drans- 
feiu  have  demonstrated  quite  convincingly 
that  the  piezoelectric  effect  in  PVFa 
is  not  an  intrinsic  bulk  property  of 
the  polymer  but  is  influenced  by  the 
positive  electrode.  Two  different  exper- 
iments lead  to  this  conclusion.  In  one 
experiment  a piezoelectric  I’VF 2 film 
was  freely  suspended  as  a flat  plate 
and  driven  by  ac  frequencies  from  0 to 
l >'0  MHz.  The  first  thickness  resonance 
was  observed  at  22  MHz  and  corresponds 
to  a film  thickness  of  X / 2 as  expected. 

X 1 1 textbooks  on  acoustics  show  that 
a freely  suspended  homogeneous  piezoelec- 
tric plate  can  be  excited  at  Frequencies 
where  the  plate  thickness  corresponds 
t o 

X/2 , 3 A/2 , 5X/2 . 

In  general,  vibrations  at  X,  2\,  

cannot  be  excited  p iezoe 1 ec tr ica 1 ly . 
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Sussner  and  Dransfeld  found , however, 
tl>at  their  l*\ I , film  had  an  even  stronger 
resonance  when  the  film  had  a thickness 
of  \ than  for  V/J!  The  conclusion  is 
that  p iezoelec t r i c i t y is  not  homogeneous 
in  1’VT,. 

The  other  experiments  have  to  do 
with  the  actual  contact  of  the  positive 
electrode  on  the  film.  If  the  forming 
process  i -.  done  with  a thin  blocking 
lover  of  SiO,  separating  the  positive 
electrode  from  the  I'YI,,  there  is  liardlv 
anv  piezoelectric  effect.  If  the  blocking 
lover  is  put  ot  the  negative  electrode 
instead,  the  performance  is  normal. 
Sinulorlv,  three  lovers  of  1’YT,  were 
placed  on  top  of  each  other  and  electrodes 
were  added  at  the  top  and  bottom  of  the 
stack.  After  t lie  normal  forming  prove 
dure,  the  films  were  tested  individually. 
Onlx  the  film  that  had  contacted  the 
positive  electrode  showed  a normal  piezo 
electric  response.  the  other  films  had 
responses  reduced  h\  factors  of  10  or 
more . 

These  experiments  argue  verv  force- 
fully that  the  met  a t -po 1 vraer  interface 
is  critical  for  the  development  of  strong 
p io-oe  1 ect  r ic  i t v in  I'Y  I ..  and  that  it 
does  not  arise  front  the  bulk  properties 
of  the  polymer. 

That  seems  t o be  where  the  mvsterv 
lies  at  the  moment.  One  might  think 
the  problem  now  would  be  one  that  the 
host  of  clever  surface  studv  tools  would 
quickie  unravel  — and  tliev  wav , However, 
the  PYT,  film  presents  a complex  amorphous 
and  crvstalline  surface,  and  the  various 
possibilities  of  diffusion,  reorienta- 
tion, conduction,  chemical  reaction, 
and  charge  injection  in  crvstal  and  amor 
plious  polvmers  contacting  a metallic 
electrode  max  not  yield  a full  under- 
standing verv  easilv.  The  work  of 
Sussner  and  Dransfeld  has  served  to  em 
phasize  the  critical  importance  of  in- 
terface rather  than  hulk  properties  of 
the  I’Ylj  polvmer.  ll'lifford  f.  klickl 


MWTKIAI  S Sill  i T 1 ON  MAl'f  I \S  11  K 

The  Tu Inter  Research  Institute  1 im 
ited,  located  in  a beautiful,  somewhat 
idvllic  setting  in  Stoke  I’oges,  Rucking 
hamshire  i less  than  >0  minutes  bv  train 
from  london)  is  likelv  the  largest  non- 
profit research  organisation  in  the  Hnited 
kingdom.  Under  the  unusual  ownership 
of  a professional  bodv  of  scientists, 
the  Institute  of  I’hvsics,  lulmer  has 


continued  its  growth  even  during  these 
difficult  times  for  research.  following 
the  recent  merger  with  Yarsley  ltd., 
it  has  greatly  expanded  its  research 
and  testing  capability  to  cover  the  whole 
range  of  materials  from  metals  to  ceramics 
to  polymers.  \ fuller  description  of 
Fulmer's  background  and  activities  can 
be  found  in  ONR1.  report  R-bJ-’O.  The 
lulmer  Research  Institute  by  f.l.  Sa 1 - 
kovitz  ( AH-  8 " .134;)) 

IHiring  a recent  visit  1 learned 
about  a new  activitv  designed  to  help 
solve  the  complex  and  often  impossible 
problem  of  selecting  the  proper  material 
and  processing  conditions  for  a specific 
product.  This  is  the  development  of 
the  lulmer  Materials  Optimizer  which 
is  claimed  to  be  a new  information  svstem 
for  the  selection  and  specification  of 
engineering  materials.  The  formidable 
task  of  producing  the  Optimizer  (as  it 
i s called!  involved  the  skills  of  JS 
materials  specialists  for  more  than 
years,. under  the  supervision  and  direction 
of  Hr.  Norman  Waterman,  droop  Manager, 
Marketing  and  Information.  lie  conceived 
the  idea  of  such  a compilation  of  data 
while  working  in  Denmark,  then  moved 
to  f'ulmer  which  provides  the  ideal  setting 
for  implementing  the  production  of  such 
a document.  As  those  of  us  who  have 
been  engaged  in  similar  activities  know, 
the  stage  between  the  idea  and  the  final 
product  is  much  longer  and  much  more 
painful  than  originally  envisaged.  This 
undertaking  was  no  exception.  Satisfac 
t ion  upon  completing  such  an  endeavor 
is,  of  course,  very  dependent  on  its 
acceptability  among  product  designers 
and  materials  specifiers,  and  most  criti 
cally  in  the  market  place.  To  date  both 
appear  to  be  forthcoming,  and  Waterman 
is  quite  optimistic  of  the  long-term 
future  and  worth  of  the  Optimizer. 

Anv  compilation  of  data  with  attend- 
ant analyses  has  at  the  verv  least  three 
m a i o r d r a w b a c k s : 

11  New  materials,  products,  and 
specifications  could  quicklv  make  it 
o I'so  1 e t e. 

.’1  New  applications  place  undesigned 
for  constraints  on  material  properties; 
without  the  proper  interactive  data  not 
enough  parameters  exist  for  the  svstemi zed 
decision  approach  specified  in  the  Opt i 
m i z e r . 

A)  The  concept , the  document,  and 
the  philosophy  must  be  acceptable  to 
t he  des  ign  commun i t y . 

These  and  other  constraints  have  been 
recognized,  at  least  in  principle.  How 
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they  are  being  handled  should  become 
clearer  as  1 describe  the  Optimizer 
Handbook's  contents. 

The  data  and  design  approach  for 
its  utilization  described  in  the  Opti- 
mizer were  obtained  by  a claimed  criti- 
cal evaluation  of  the  vast  quantity  of 
information  in  trade  and  scientific  jour- 
nals, and  from  Fulmer's  own  sources. 

These  inputs  were  further  analyzed  and 
filtered  in  consultation  with  a number 
of  experts  in  the  materials  supply  and 
processing  industries.  The  end-product 
of  the  deliberations  is  in  four  volumes 
as  follows:  Volume  1 — Comparison  of 
Materials;  Volume  II — Characterization 
and  Specification  of  Metals;  Volume 
III — Characterization  and  Specifications 
of  Non-Metals;  Volume  IV — Materials  Se- 
lection System  and  F.xamples.  The  prob- 
lem of  information  perishability  has 
been  addressed  by  printing  the  Optimizer 
in  a loose-leaf  form  to  allow  rapid  up- 
dating of  the  system.  Subscribers  re- 
ceive, in  addition  to  the  basic  system, 
a complete  yearly  review  of  materials 
costs,  data  refinement  as  it  becomes 
available,  information  on  new  materials 
and  processes,  and  case  histories  of 
new  applications  of  existing  materials. 

In  addition  to  its  repository  role, 
the  Optimizer  sets  out  guidelines  for 
product  selection  in  terms  of  the  desir- 
able characteristics  of  material  availa- 
bility, ease  of  processing,  acceptable 
mechanical  and  physical  properties  for 
the  final  product,  and,  most  importantl> 
to  manufacturers,  an  adequate  quality 
level  at  an  acceptable  cost.  These  bro.:2- 
ranged  specifications,  of  necessity, 
lead  to  tradeoffs  between  cost  and  quality 
in  most  engineering  products,  and  this 
compromise  is  also  considered,  if  not 
explicitly  then  implicitly.  The  informa- 
tion system  has  been  further  designed 
to  permit  such  product  selection  both 
for  the  case  of  specifying  materials 
and  manufacturing  routes  of  a new  product 
and  for  the  evaluation  of  alternative 
materials  and  routes  of  an  existing 
product . 

A methodology  for  these  materials- 
related  decisions  is  presented  as  a flow 
chart  of  increasing  detail  in  which  the 
product  function  and  processing  steps 
are  evaluated  by  maximizing  the  summation 
function  F.q.iVj/C,  where  a given  Mj  is 
an  identified  required  material  charac- 
teristic, W-  is  a weighting  factor  as- 
signed to  each  characteristic  according 
to  function  importance,  and  C is  the 
approximate  total  manufacturing  cost 


for  each  material.  While  such  a proce- 
dural approach  can  be  readily  computer- 
ized, this  lias  not  yet  been  done. 

Ilow  well  does  such  a system  work? 

I think  the  answer  must  be — as  well  as 
can  be  expected.  The  procedure  is  clear- 
ly much  preferred  over  the  more  prevalent 
one  of  designing  a part  based  on  hand- 
book values  (often  using  not  even  the 
relevant  properties)  and  on  that  famous 
catch-all  phrase  "seasoned  experience." 
While  the  Optimizer  goes  clearly  beyond 
this  and  recognizes  the  spectrum  of  prop- 
erties that  must  be  considered  and 
weighted,  I foresee  dangers  if  this  ap- 
proach is  taken  too  literally.  For  ex- 
ample, consider  one  of  their  illustrative 
case  histories,  a pumping  device  for 
fluids.  Kven  for  the  rather  prosaic 
application  of  say  a metering  pump  for 
vending  machines,  at  least  the  following 
properties  would  have  to  be  known, 
weighted,  and  optimized: 

Mechanical  properties  such  as 
strength,  stiffness,  fatigue  resistance, 
and  their  temperature  dependence;  cor- 
rosion susceptibility  and  protection; 
wear  resistance  and  frictional  properties; 
physical  properties  such  as  thermal  and 
electrical  conductivity,  magnetic  suscep- 
tibility, damping  capacity,  formability, 
and  component  manufacturing  methods; 
and  direct  costs  attributable  to  the 
chosen  material  and  manufacturing  route. 

The  mere  fact  that  there  are  inter- 
active properties  to  be  considered,  as 
for  example  the  ability  of  a corrosive 
media  to  modify  mechanical  properties, 
means  that  a manufacturer  must  carry 
out  careful  proof  testing  and  not  simply 
and  blindly  rely  on  the  Optimizer  as 
an  absolute  predictor.  Indeed,  Fulmer 
recognizes  this  by  cautioning  users  to 
consider  the  specific  application  of  the 
materials  or  processing  schedules  and 
to  be  cognizant  of  unknown  constraints 
associated  with  their  perhaps  unique 
application.  If  these  warnings  arc  heeded, 
these  volumes  should  make  an  important 
contribution  to  materials  selection  pro- 
cedures. (I.M.  Bernstein) 
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Khartoum,  Sudan  was  the  setting 
for  a major  worldwide  conference  on  the 
topic  "Oeveloping  Mathematics  in  third 
World  Countries."  The  meeting,  which 
was  held  0-10  March,  was  organized  by 
Or.  Mohamed  I .A.  I 1 Tom  and  other  mem 
hers  of  the  l'epa rtment  of  Mathematics 
of  the  University  of  Khartoum  and  at 
traded  more  than  ISO  delegates  from 
41  countries.  Although  the  embryonic 
African  Mathematical  Union  and  the  US 
Army  Research  Office  provided  some 
financial  support,  the  Univ.  >t  Khartoum 
wa  the  principal  sponsor. 

The  vast  majority  ot  the  delegates 
were  mathematicians,  educators,  or  rep 
resentatives  of  educational  ministries 
from  the  underdeveloped  nations  of  Atri 
cn.  Central  and  South  America,  and  t lie 
Middle  and  far  last.  I veil  among  the 
delegates  from  the  industrially  advanced 
countries  such  as  the  US  i"),  Canada 
15),  1 ranee  (t>)  , Sweden  (1',  and  the 
UK  till,  most  were  either  expatriates 
of  Third  World  countries  or  Western 
ma  t hei:ia  t ic  i ans  with  prior  personal  ex 
perierce  and  understanding  of  the  unique 
problems  faced  by  such  nations. 

The  meeting  was  held  in  the  Khartoum 
Hilton,  an  island  of  American  comfort 
and  extravagance  in  the  midst  of  the 
most  abject  national  poverty  I personally 
have  ever  seen.  With  the  Sudanese  pound 
pegged  artificiallx  at  exactly  $.'.50, 
the  week's  hotel  bill  came  to  more  than 
the  average  annual  income  of  the  Sudanese 
peasant . 

Although  Khartoum  may  seem  a strange 
setting  for  a worldwide  conference,  it 
seems  much  less  so  when  one  considers 
the  geographical  distribution  of  the 
nonaligned,  underdeveloped  nations  of 
the  world.  from  this  perspective,  Khar 
toum  is  actually  an  appropriate  location 
for  a meeting  of  representatives  from 
Third  World  nations.  Moreover,  the  prob 
lems  faced  by  most  developing  Third 


World  countries  are  patently  and  pathet 
ically  evident  in  Sudan,  and  Khartoum 
is  not  the  Kind  of  "fun  city"  m which 
one  is  tempted  to  sKip  away  from  the 
meeting  to  wander  about  on  one's  own! 

Kith  a land  area  of  °t>S  thousand 
square  miles,  Sudan  is  the  largest  of 
the  present  45  African  nations  twice 
the  size  of  the  nine  countries  that  com 
prise  the  Turopean  Common  Market.  Some 
other  Sudanese  statistics:  Nearly  50$ 
of  the  population  i --  under  IS  years  of 
age;  adult  literacy  is  estimated  to  he 
about  151;  there  is  one  doctor  for  everx 
11,000  people  and  one  hospital  bed  tor 
every  1,000;  per  capita  income  is  less 
than  $500  per  year.  While  it  may  not 
he  the  poorest  country  in  the  world 
tor  it  may  he,  depending  upon  how  one 
measures  such  things),  it  is  clearly 
desperately  impoverished.  And  yet,  the 
two  or  three  "acceptable"  (to  a Westerner) 
hotels  in  Khartoum  are  constantly  hooked 
to  overflowing  hi  American,  french,  Her 
man,  British,  and  other  businessmen 
who  are  anxious  to  help  the  Sudanese 
accomplish  some  of  their  grandiose  devol 
opment  goals. 

Although  Arabic  is  t lie  official 
language,  Sudan  is  neither  an  \ rah  state 
nor  a black  African  nation.  Rather, 
as  the  i:nt  iM.irch  IS,  IP'S)  described 

it,  "Siidym  is  e..,‘  !•/.■!,  and  happy 

to  remain  so,  a bridge  between  Africa 
and  Arabia.  It  is  the  Arab  connect  ion 
which  lies  at  the  heart  of  all  Sudan's 
ambitious  plans."  The  point  is  that 
S05  of  t lie  Arab  world's  cultivable  land 
is  thought  to  he  in  Sudan,  and  the  oil- 
producing  Arab  countries  feel  quite  uncom 
tollable  about  being  as  heavily  reliant 
upon  the  West  for  food  as  the  West  is 
upon  them  for  oil.  So,  under  a $0.5 
billion  agricultural  development  sellers' 
drawn  up  by  the  Arab  Authority  for  IV 
vel opment  and  Agricultural  Investment, 
Sudan's  goal  is  to  be  able  to  meet  4 Pl- 
ot' the  Arabs'  food  needs  by  IPS5.  In 
brief,  that's  the  reason  for  the  over 
flowing  hotels  in  Khartoum. 

The  scientific  program  consisted 
of  lo  invited  and  7 4 contributed  prosen 
tat  ions,  alt  of  which  were  del  ivored 
during  the  t irst  day  of  the  Conference, 

Of  these  40  talks,  onlv  two  were  delivered 
in  the  opening  general  session — the  re 
m. lining  papers  were  presented  in  four 
parallel  sessions  extending  to  beyond 
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8:00  pm.  The  reason  for  this  seemingly 
odd  compression  of  all  formal  presenta- 
tions into  the  first  day  of  the  meeting 
was  to  allow  ample  time  ti.e.,  the  fol- 
lowing three  days)  for  concentrated  "Work 
ing  Group"  discussions  of  what  the  organ- 
isers perceived  as  four  distinct  aspects 
of  mathematics  education  and  scholarship 
as  they  relate  to  the  social  conditions 
and  the  needs  of  Third  World  countries: 

1.  School  Mathematics  li.e.,  elementary 
and  secondare  education),  ..  University 
Mathematics  Institutions,  a.  Mathematics 
and  Development,  and  4.  Mathematics  Pol  - 
icv  and  International  Cooperation. 

In  the  following,  1 will  not  attempt 
to  review  any  of  the  individual  papers 
which  were  presented,  hut  rather  to  re- 
late some  of  the  key  issues  discussed 
at  the  Conference. 

In  connection  with  School  Mathemat- 
ics, there  was  general  agreement  among 
the  delegates  that  the  vast  major  it y ot 
children  at  present  and  for  the  foresee- 
able future  receive,  at  most,  six  \ ears 
of  primary  education;  a very  small,  but 
potentially  influential  and  powerful, 
minority  of  children  are  in  some  wav  se- 
lected to  receive  educat ion  beyond  the 
primary  level.  It  was  also  agreed  that, 
due  to  horrible  overcrowded  classrooms, 
the  lack  of  facilities  and  supplies, 
and  the  general  conditions  under  which 
teachers  must  work,  their  sense  of  Jedi 
cation  and  morale  is  general lv  very  low. 

There  was  a great  deal  of  discussion 
regarding  "traditional"  mathematics  ver- 
sus the  so-called  "new"  mathematics. 

Most  delegates  felt  quite  strongly  that 
the  "new"  mathematics,  which  is  widelv 
regarded  as  being  of  questionable  value 
for  the  vast  majority  of  students  in  even 
the  most  industrially  advanced  countries, 
is  totally  inappropriate  in  Third  World 
primary  and  secondary  schools.  The  \mer- 
i can  Peace  Corps  was  repeat edlv  faulted 
bv  various  delegates  for  having  introduced 
"new"  mathematics  cirricula  into  under 
developed  countries  more  than  a decade 
ago.  The  Trench,  who  are  todav  the  prin 
c ipal  advocates  of  abstract,  formalistic 
mathematics  at  the  elementarv  and  second 
arv  levels,  were  also  heavtlv  criticized 
for  fostering  "new  math"  programs  in 
their  former  colonies,  \n other  point, 
made  repeatedlv,  was  that  textbooks  writ 
ten  for  children  of  an  industrialized 
Western  culture  presume  a social  and 
cultural  ambiance  that  is  totally  foreign 
to  children  of  underdeveloped  countries. 


It  was  almost  unanimously  agreed 
that  the  successful  teaching  of  a prac 
tical  working  knowledge  of  basic  mathe- 
matical skills  requires  that  arithmetic 
and  algebraic  concepts  be  taught  prin- 
cipally by  induction,  with  the  aid  of 
many  illustrative  examples  taken  from 
the  local  culture.  For  instance,  the 
concept  of  addition  should  be  illustrated 
by  asking  how  many  head  of  cattle  are 
there  in  total  if  a herd  of  nil  is  com- 
bined with  another  herd  of  40,  rather 
than— -as  one  finds  in  the  jargon  of  the 
"new  math" — asking  the  cardinality  of 
the  union  of  two  sets  whose  cardinalities 
are  0 0 and  40.  It  must,  however,  be 
said  that  there  was  a small  but  very 
vocal  group  of  "new  math"  advocates. 

Most  of  these  proponents  were  articulate 
Western  pedants  who,  to  this  observei , 
seemed  oblivious  to  any  cultural  differ- 
ences between  Western  civilization  and 
the  societies  of  the  Third  World  nations. 

The  main  points  of  concern  addressed 
by  both  the  Working  Group  on  University 
Mathematics  Institutions  and  the  Group 
on  Mathematics  and  Development  were  sur- 
prisingly similar  to  the  concerns  which 
the  author  has  heard  so  many  times  dis- 
cussed in  the  American  mathematics  com- 
munity. Namely:  To  what  extent  should 
university  mathematics  programs  emphasize 
applied  as  opposed  to  pure  mathematics? 
What  is  the  proper  relationship  between 
mathematics  departments  and  other  tech- 
nical and  scientific  departments  within 
the  University?  How  can  a mathematics 
department  develop  and  maintain  inter- 
nationally accepted  standards  of  matne 
mat ical  scholarship,  and  is  the  cultiva- 
tion of  mathematical  scholarship  : ,r 
a.  le.g.,  publishable  research  papers) 
an  appropriate  objective  of  Third  World 
mat  he mat ic ians,  or,  should  they  simply 
be  content  with  the  teaching  of  mathe- 
matics, i.e.,  is  the  cultivation  of  re- 
search expertise  an  extravagance  which 
should  be  foregone  in  an  impoverished 
country?  These  are  typical  of  the  issues 
which  Working  Groups  and  3 discussed 
for  three  days.  Needless 
to  sa\,  no  definitive  answers  were  agreed 
upon.  The  discussions  were,  nevertheless, 
often  interesting  and  enlightening. 

The  sessions  that  1 personally 
found  most  intriguing  were  the  meetings 
of  the  Group  concerned  with  Mathematics 
Policy  and  In t ernat i on a 1 Cooperation. 

One  of  the  main  issues  discussed  was 
the  problem  of  training  PhD  and  postdoi 
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toral  level  mathematicians  who  are  citi 
:cns  of  Third  World  nations.  livery  dele- 
gate present  agreed  that,  while  t he  em- 
ployment of  foreign  technical  experts 
is  a necessary  expedient  for  the  present, 
in  the  longer  run  each  country  must  de- 
velop its  own  professional  and  technical 
capabilities  through  the  education  of 
its  best  qualified  youth.  (To  be  totally 
reliant  upon  foreign  powers  for  scientif- 
ic and  technical  expertise  is  clearly 
recognized  as  a precarious  national  pol- 
icy.! To  do  so,  however,  normally  en- 
tails advanced  level  training  abroad 
since  the  countries  themselves  do  not 
have  the  technological  base  required 
for  doctoral  and  postdoctoral  training. 

Of  course,  this  has  always  been  true 
and,  as  we  all  know,  many  underdeveloped 
countries  have  traditionally  sent  their 
best  students  to  Hu  rope  and  the  US  for 
advanced  study.  The  problem  which  all 
too  often  develops  is  that  the  individ- 
uals who  go  abroad  never  return  to  their 
native  country  because  of  the  comparative 
comfort,  affluence,  and  career  opportun 
ities  that  they  find  elsewhere.  The 
most  practical  solution  proposed  to  guar- 
antee the  return  of  students  studying 
abroad  is  to  send  only  those  who  have 
reached  an  advanced  level  of  training 
within  their  own  country  and  who  have 
a strongly  vested  interest  in  returning, 
e.g.,  students  who  arc  married  and  have 
binding  family  responsibilities. 

Perhaps  the  most  concrete  and  viable 
proposal  to  emerge  from  this  Working 
('•roup  >as  the  suggestion  that  an  Inter- 
nal i or.  1 Center  of  Pure  and  Applied  Math- 
ematic- be  established  in  response  to 
the  needs  of  Third  World  countries. 

It  is  envisioned  that  the  senior  staff 
of  the  Center  would  be  comprised  of  world- 
renowned  mathematicians  on  one-  or  two 
year  visiting  appointments.  The  functions 
of  the  Center  would  include  advanced 
level  education  and  the  provision  of 
research  facilities  for  the  continuous 
assistance  in  the  development  of  mathe- 
matics in  Third  World  countries.  The 
Working  Group  also  recommended  the  crea- 
tion of  Regional  Centers  to  complement 
the  activities  of  the  International 
Center,  e.g.,  Regional  Centers  in  Africa, 
South  America,  and  the  lar  last.  Some 
of  the  conference  delegates  obviously 
have  close  ties  with  UNHSCO  and,  although 
the  political  mechanisms  were  unclear, 
one  was  left  with  the  impression  that 
these  recommendations  would  be  presented 
formally  to  UNHSCO. 


The  Khartoum  Conference  was  entitled 
"Developing  Mathematics  in  Third  World 
Countries."  However,  the  problems  of 
developing  mathematics  education  programs 
are,  by  and  large,  not  specific  to  mathe- 
matics but  rather  to  the  conditions 
of  poverty  and  lack  of  educational  re- 
sources in  the  nations  of  the  Third  World. 
How  nations  without  long-established  edu- 
cational traditions  and  institutions 
can  educate  a significant  fraction  of 
their  children  and  young  people  to  any 
thing  approaching  the  educational  levels 
of  the  developed  nations  is  a very  per- 
plexing question.  Hxcept  for  countries 
like  Saudi  Arabia  which  can  afford  to 
pour  vast  amounts  of  money  into  the 
effort,  it  is  difficult  to  see  how,  in 
the  next  generation  or  two,  the  really 
impoverished  nations  will  be  able  to 
achieve  the  goal  of  educational  self- 
sufficiency.  As  one  delegate  from  Mexico 
pointed  out,  although  the  educational 
and  technological  level  in  Mexico  con  - 
t inues  to  improve  year  by  year,  the  o ;/ 
between  the  IIS  and  Mexico  also  increases 
year  by  year  and  there  is  no  hope  of 
ever  catching  up  with  American  science 
and  technology. 

At  one  point  in  the  lengthy  discus 
sions,  one  of  the  members  of  the  faculty 
of  t lie  Univ.  of  Khart  ou  m pol  i t e 1 y inter 
rupted  the  long-winded,  idealistic,  and 
c vc r-so-e rudi t e ramblings  of  a 
mathematics  educator  to  suggest  that  the 
gentleman  might  better  understand  the 
real  problems  of  elementary  school  edu- 
cation in  Sudan  if  he  were  to  visit  one 
of  the  local  village  schools — the  point 
of  the  suggestion  being  that  conditions 
in  the  Third  World  are  far  bevond  the 
imagination  of  Westerners  who  haven't 
seen  them.  (William  .1.  Gordon) 
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OPTICS  AT  Till-  RPYA1.  ARMAMHNT  RliSI  ARGII 
ANIL  DIA  L.  l.OPMHNT  HSTABL1 SIIMHNT 

The  Royal  Armament  Research  and 
Development  Hstabl ishment  (RARDT)  lort 
Halstead,  Sevenoaks  , Kent  operates  within 
the  UK  Ministry  of  Defence  (MOD).  Its 
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main  function  is  to  assess  .uni  dove  lop 
conventional  weapons  system--  toi  t he 
I h i ee  a rmod  m1  r\  ices. 

the  Optics  Branch,  under  the  dire, 
l leu  el  Or.  Nigel  0.  Hat;.,  is  respon-  i 
hie  for  a wide  variety  el  optical  sot 
v i,  es  relate, I to  military  appliv.it  ions 
ever  the  spectral  range  from  the  v isiblo 
to  the  t’ar  infrared.  Their  work  tncltnles 
surve  i l lance  vlevices,  laser  applications 
such  as  rangefinders  aiivl  target  .les  ig 
Hater--,  jun  sights,  intrare,l  imaging 
systems,  ami  holography. 

lilts  Branch  appears  to  he  uni, pie 
among  mi  I it  an  optical  groups  in  that 
their  capahilitv  encompasses  all  pluses 
ot  optical  , lev  ice  development.  I "i  c\ 
ample,  the  basic  conceptual  design,  op 
ttcal  element  design,  protetvpe  censtru, 
t ion  including,  lens  grinding  and  optical 
coating,  and  evaluation  are  all  carried 
out  hv  the  one  group.  \,l,litionallv  the, 
have  the  capahilitv  to  consider  human 
behavior  ami  phvsiologv  as  v,etl  as  ease 
,,  t manufacture  in  the  design  of  a device. 

rite  optical  design  work  o carried 
out  hv  Mr.  I Kusselle  and  Hr.  I'.lv.d. 
Campbell.  Ihev  use  computer  t ochn  t,|ue 
t ,'  v'  p t i in  i e lens  design  hv  calculat  mg 
tlu-  vl  if  fraction  optical  transfer  fun, 
t i on  tv'll'.  Hu--  method  cnrrentlv  takes 
a tew  hours;  however,  tlvev  are  gott  ing 
\ Vai  ian  computer  which  should  di- 
et ease  the  t line  l-v  a factor  of  ll'O, 

1 he v dvi  more  than  straight  lens 
ilesign,  however.  Unlike  mam  ten  do 
••  igner--  this  group  is  attempting  to  di- 
ve lop  additional  practical  features  in 
the  design  program  such  as  cost  ot  maim 
t.iiture,  sensible  t o I francos  , use  of 
materials  capable  of  withstanding  rough 
use,  and  o.t-e  of  use  m the  field. 

The  Systems  Studies  and  \ isual  v'p 
tics  Ivosenrch  Section  of  the  Hpti,'  Branch 
t-  devoted  to  the  premise  that  t he  re 
!■-  usually  a man  at  one  end  o t an  optical 
system,  ami  the  phvsiologv  and  behavior 
ot  the  user  cannot  be  ignored  when  con 
sidering  the  performance  of  an  optical 
system.  Hi"-.  R . Homo  ami  t!,.I,  Burton, 
who  are  principal  scientists  in  this 
Sect  ton,  doscri hod  four  line--  of  invest  i 
g.ition  that  they  are  pursuing,  fho  first 
of  the  tom  is  completed,  ami  the  other-- 
ate  i n p rog res  s . 

1.  I'ite  c o I l im.it  i on  of  binocular 
instruments  has  been  based  on  the  assunp 
t i on  that  the  observer  accom..:.  date-,  to 
a focus  at  int  in  it  v.  Binocular  instill 
monts  built  on  this  assumption  had  their 
limbs  parallel.  Research  m recent  rears, 
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Trans  verso  ray  aberrations  of  ir 
ton sos  are  obtained  by  a relatively 
simple  t>ut  we  1 I -des i gned  device  which 
scans  a s ingle  paraxial  ray  across  the 
leu-'  to  be  ana  1 v;  ed  . l'etectors  deter- 
mine the  position  of  the  i nj'ii t ray  in 
ttie  entrance  aperture  and  the  refracted 
rav  at  the  focal  plane  (or  elsewhere) 
as  the  input  rat  is  scanned  across  the 
entrance  aperture.  from  this  data  the 
aberration  and  the  wavefront  distortion 
can  be  calculated. 

The  third  technique  uses  a d 5-pm 
diameter  ni chrome  wire,  typically  operat- 
ing at  above  ambient  temperature, 

as  a line  source  to  obtain  t lie  line 
spread  function  (I.S1:)  for  ir  lenses. 

A JO-tun  s 5 -mm  PbSnTe  line  detector  is 
stepped  across  the  intake  plane  to  obtain 
the  LSI.  Or  alternatively,  the  source 
can  be  scanned  across  the  object  plane. 

A lourier  transform  microprocessor  is 
used  to  calculate  the  modulation  trans- 
fer function  (Mill. 

fhe  Branch  has  an  optical  shop  and 
a machine  shop  where  visible  and  ir 
lenses  and  reflecting;  optical  systems 
including  multilayer  coatings  are  made. 
I'his  i ■-  a tremendous  advantage  over  hav 
inf;  to  contract  out  prototype  optical 
dev  i ccs . 

The  Optics  Branch  at  RARIU;  is  a 
yood  y roup  of  diversified  people  that 
provide  a very  worthwhile  capability 
to  MOO.  The  fact  that  the  human  element 
and  manufacturing  difficulties  are  con- 
sidered by  the  same  g roup  that  designs 
the  lenses  should  result  in  faster  and 
less  costlv  development  of  military 
devices.  (Vein  N.  Smiley  and  Jack  A. 
Adams ) 
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V meet  mg  was  held  on  14  March  l *> 7 8 
at  The  Institution  of  I lectrical  hugi 
neers  (Savoy  Place,  lotulon)  to  hear  a 
report  on  a national  five-year  program 
on  computer  based  learning  which  ended 
in  Ih'cembet  IP”,  The  name  of  the  pro 
gi.im  was  "National  I'eve  lopmeiil  Programme 
in  Computer  Assisted  learning,"  and  the 
ageno  in  charge  was  the  I'ouncil  for 
lducation.il  fechnologv  (A  bevonshire 
Street,  I ondon 1 . Mr.  Richard  Hooper 
was  ill  rector  of  the  program.  fhe  aim 
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of  t be'  program  was  "institutionalization," 
which  meant  the  establishment  ot  computer- 
based  learning  on  a permanent  basis  in 
educational  institutions  across  the  conn 
try.  The  program  gave  matching  funds 
to  an  institution  willing  to  pay  part 
of  the  costs,  which  was  usually  payment 
in  the  form  of  computer  facilities  and 
personnel  time.  Almost  $ million  IIS  dol 
lars  of  UK  government  money  was  spent 
on  17  projects  in  44  institutions,  ranging 
from  universities  and  secondary  schools 
to  the  training  of  technicians  in  the  mill 
tary  and  the  Post  Office,  Institutional- 
ization was  achieved  in  701  of  the  cases. 

The  program  staff  made  the  distinc 
tion  between  computer  assisted  instruc- 
tion, computer  assisted  learning,  and  com 
puter  managed  learning.  (\'iii|Hiter  assisted 
instruction,  which  was  identified  with 
developments  on  the  American  scene,  means 
that  a computerized  teaching  machine  re 
places  the  teacher  and  provides  full  m 
dividualized  instruction.  Compute r as 
sisU'd  learning  uses  the  computer  as 
a c 1 as s room  aid,  such  as  an  instructional 
film  or  a piece  of  laboratory  equipment. 

On  an  individual  basis,  the  computer 
may  serve  as  a tutor  and  provide  exercises 
and  facts,  or  be  an  agent  for  laboraton 
learning  as  a tool  for  calculation,  si  mu 
1 at  ion,  and  problem-solving.  Computer 
managed  1 earning  is  on  the  perlplien  ot 
the  learning  process.  The  computer  i -• 
a manager.  Records  are  kept,  tests  are 
given,  scored,  and  analyzed,  and  students 
are  routed  through  course  modules  on  t tu- 
bas is  of  learning  ability. 

The  program  rejected  computet  as. 
sisted  instruction  and  came  down  film 
on  the  side  of  computer  assisted  learning 
and  computer  managed  learning.  In  the 
IPods,  advocates  of  computer  assisted 
instruction  prom  i sod  an  elect  roil  i i teiolii 
tion  in  the  classroom,  with  teachers  been; 
replaced  by  the  computer  and  the  qualitc 
of  teaching  becoming  higher  than  ever, 
hut  the  revolution  never  took  place. 

The  program  staff  found  the  routes  ot 
computer  assisted  learning  and  computet 
managed  learning  more  congenial,  perhaps 
for  reasons  of  costs,  perhaps  to  avoid 
the  sensitive  issue  of  the  replacement 
of  teachers  with  machines,  oi  vein  likelc 
for  the  reason  ol  no  decisive  evidence 
that  computer  assisted  instruction  is 
better  than  human  instruction. 

What  were  some  ot  the  projects  like" 

\ successful  one  was  I'Al.l'IH'M  (Computet 
Assisted  l earning  in  Chemist  ry ) : About 
40  packages  of  computer  programs  and  ad 
junct  materials  were  developed  to  studv 
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factors  m the  design  of  laboratory  ex- 
periments, the  interpretation  of  spectra, 
the  solution  of  theoretical  problems, 
and  the  evaluation  of  experimental  data. 

Hy  1077  the  project  involved  20  institu- 
tions, 101)  chemistry  teachers,  and  2200 
students.  The  Department  of  Medicine 
at  the  University  of  Glasgow,  gave  their 
students  exercises  in  clinical  decision 
making.  Remedial  reading  was  taught 
in  the  schools  of  the  County  of  South 
Glamorgan.  The  Royal  Air  force  at  hocking 
used  the  computer  to  assist  the  planning 
and  scheduling  of  programs  in  a radio 
school.  The  Dost  Office  gave  maintenance 
training  to  telecommunications  techni- 
c i ans . 

What  does  computer  assisted  learning 
cost?  The  cost  accounting  of  educational 
processes  is  difficult,  but  analysts 
nevertheless  concluded  that  computer 
assisted  learning  is  expensive  to  develop 
and  to  keep  around  as  part  of  the  educa- 
tional system.  Many  of  the  packages 
developed  were  labor  intensive,  ret|iii  rinj* 
2(i(i-40D  hours  of  professional  time  for 
packages  that  took  20  minutes  to  .1  hours 
to  run.  Another  factor  was  that  student 
use  of  terminals  was  seldom  more  than 
SOD  hours  per  year.  All  considered, 
the  cost  from  the  national  stance  was 
estimated  at  about  US  $10-20  per  student 
hour,  and  it  could  be  higher  if  the  mini 
her  of  terminal  hours  was  low.  The  con 
elusion  was  that  no  cash  savings  would 
result  from  use  of  the  computer. 

A controversial  part  of  the  program 
was  evaluation  procedures.  Do  students 
taught  via  computer  learn  and  retain 
more  than  those  who  are  taught  hy  convon 
tional  means?  A classic  test,  which 
meets  strict  scientific  criteria,  would 
have  computer-taught  subjects  in  an  ex- 
perimental group  compared  t o subjects 
taught  by  a live  instructor.  Some,  how- 
ever, think  that  an  experiment  like  this 
could  not  be  conducted  meaningfully  be 
cause  everything  must  be  the  same  except 
the  human-machine  dimension,  and  no  one 
knows  how  to  do  it.  The  program,  there 
fore,  shied  from  experimental  approaches. 
Instead,  the  program  staff  monitored 
and  regulated  the  progress  of  its  grantees, 
seeing  that  they  remained  on  course. 

The  underlying  philosophy  of  the  program 
was  development,  not  research.  The  value 
ot  computer-based  learning  was  assumed, 
with  the  only  remaining  task  being  to 
weave  it  into  the  fabric  of  the  educa- 
tional system.  Some  might  see  the  leap 
from  research  to  development  as  premature. 


Others  might  say  that  because  the  com 
puter  is  being  used  as  a classroom  aid 
no  more  harm  is  done  than  using  an  un- 
evaluated instructional  film  (as  most 
instructional  films  are). 

Computer  based  learning  is  now  on 
t renc  lied  in  the  UK;  the  n lie  st  i on  is  no 
longer  whether  it  will  happen  but  how 
it  will  evolve.  The  major  factor  is 
cost.  Software  and  hardware  are  expen- 
sive. Computer  assisted  learning  and 
computer  managed  learning  are  add-on  costs, 
like  audio-visual  aids  and  educational 
television.  Notwithstanding,  the  govern- 
ment is  betting  on  them.  The  Council 
for  educational  Technology  has  been  given 
a four-year  follow-on  grant  from  the  gov- 
ernment to  disseminate  and  coordinate 
computer  assisted  learning  and  computer 
managed  learning,  so  clearly  there  is 
interest  in  maintaining  the  in o men t inn. 

(Jack  A.  Adams) 
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The  l.uropean  Space  Agency’s  (ISA) 
Spacelah  program  is  perhaps  one  of  the 
best  known  international  space  technology 
programs  since  it  will  be  used  in  colla- 
boration with  the  demonstration  of  NASA’s 
Space  Transportation  System  commonly 
referred  to  as  the  space  shuttle.  The 
joint  program  will  demonstrate  the  feasi 
hility  of  efficiently  utilizing  a reusable 
launch  vehicle  and  allowing  noilast  ronaut 
scientists  to  operate  in  .i  shirt-sleeve 
environment  in  space  for  an  extended 
period  of  time.  Many  experiments  of  all 
magnitudes  have  been  proposed  and  accepted 
for  use  in  Spacelah  from  many  nations 
and  various  institutions  both  public 
and  private.  An  experiment  that  presents 
numerous  interesting  aspects  to  teclmolo 
gists,  astronauts,  and  physicians  alike 
is  known  as  the  Space  Sled  or  Vestibular 
Sled.  The  Space  Sled  facility  will  cm 
phasice  the  study  of  linear  acceleration 
effects  on  humans.  Previous  experiments 
with  angular  acceleration  ill  the  NASA 
Skvlah  Rotating  (hair  have  shown  no  cor 
relation  of  motion  sickness  symptoms 
with  the  performance  of  astronauts, 

A number  of  details  of  the  Sled  program 
underway  at  ISA  will  be  presented  after 
a brief  review  of  the  agency  and  its 
ope  rat  i on . 
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Previous  K:'l V articles  have  described 
the  l-'SA  operation  and  its  scientific 
programs,  particularly  the  article  hy 
Meredith  entitled  "Space  in  liurope"  (K$N 
30-D:38S).  ISA  has  come  a long  way  since 
that  time  with  the  launch  of  the 
id  OS  scientific  satellite,  the  MUTLOSAT 
weather  satellite,  and  the  OTS  communica- 
tion satellite  among  others.  All  of 
these  satellites  were  developed  and  built 
in  lu rope  under  the  auspices  of  ISA  and 
it-,  primary  corporate  laboratory  facil- 
ity, LSTLH  I liu  rope  an  Space  Research  and 
technology  Centre).  All  of  the  member 
states  of  USA,  namely  lielgium,  Denmark, 
trance,  IRC,  Italy,  The  Netherlands, 

Spain,  Sweden,  Switzerland,  the  UK,  and 
Ireland  (which  has  been  approved  for 
membership),  have  participated  in  vari- 
ous programs.  In  addition  to  member 
nations,  Austria,  Canada,  and  Notway 
each  have  observer  status,  and  USA  parti- 
cipates closely  with  the  US  particularly 
in  the  scientific  pavload  and  launch 
vehicle  realm.  lo  try  to  detail  the 
entire  l.S.A  operation  would  be  similiar 
to  writing  a treatise  on  NASA,  but  a 
lew  salient  features  will  be  presented 
in  the  wav  of  review  as  the  author  lias 
had  t tie  recent  opportunity  of  visiting 
various  staff  members  and  facilities 
of  ISA  headquarters  and  LSTLH.  Coopera- 
t ive  Luropean  space  activities  began 
in  earnest  in  I DM  with  the  creation 
of  the  luropean  Space  Research  Organiza- 
tion UiSRO)  to  develop  scientific  satel- 
lites and  the  luropean  Launcher  Develop- 
ment Organization  (1.1. DO)  to  develop  launch 
veh  ides. 

The  Luropean  Space  Agency  came  into 
existence  in  ID'S  with  the  combining 
ot  LSRO  and  I I. DO  into  one  agency.  The 
Agencv's  policy-making  bod)-  is  the  ISA 
Council,  composed  of  representatives 
of  the  member  states.  The  chief  execu- 
tive and  legal  representative  of  the 
Agency  is  its  Director  Heneral,  currently 
Mr.  Roy  Hibson,  with  whom  I have  recently 
had  a most  interesting  and  informative 
visit,  lie  i s assisted  by  eight  Directors 
having  responsibilities  in  the  following 
areas:  Scientific  and  Meteorological 

Programs,  Hommun  teat  ion  Satellite  Pro- 
grams, Spacelah,  Planning  and  future 
Programs,  Administration,  Technical  In 
spection,  I.STI  t , and  the  Luropean  Opera 
tions  Tenter  ILSOT).  The  main  aims  of 
ISA  are  to  il)  Provide  and  promote  for 
exclusively  peaceful  purposes  coopera 
t ion  between  Luropean  states  in  t lie 
fields  of  space  research,  technology, 
and  applications;  ( J ) I labor. ite  and  im- 


plement a long-term  Luropean  space 
policy  and  program;  (3)  Progressively 
"Lu ropean ise"  national  space  programs 
within  the  member  nations;  and  14)  lilabo 
rate  and  implement  an  industrial  policy. 
These  aims  sound  fine  on  paper,  hut  t he i 
implementation  almost  defies  imagination 
Recent  outstanding  successes  can  bo 
largely  attributed  to  Mr.  Hibson's  unre- 
lenting efforts  and  his  very  extensive 
technical  and  diplomatic  experience. 

The  successes  of  certain  large  programs 
are  known  to  involve  discussions  between 
heads  of  state  tied  as  they  are  to  ex- 
tensive contributions  to  t lie  Agency  bud 
get  by  states,  such  as  the  UK,  I ranee, 
and  Hermany  and  their  desire  to  achieve 
an  equitable  return  as  set  out  in  the 
LSA  charter.  The  11  member  states  of 
ISA  contribute  to  the  Agency's  finances 
on  the  basis  of  a percentage  of  their 
gross  national  product  for  general  and 
scientific  budgets  and  on  an  ."!  /,t 
basis  to  certain  other  programs  such 
as  Spacelah  and  the  Ariane  launcher. 
Contributions  are  also  made  by  observer 
countries.  The  total  LSA  budget  for 
1D77  was  approximately  $550  million. 

Its  total  staff  consists  of  about  750 
engineers  and  scientists,  ISO  technician 
and  570  support  personnel  drawn  princi- 
pally from  the  member  and  observer  na- 
t ions . 

LSTLH  is  ISA's  largest  research  es- 
tablishment and  is  responsible  for  the 
study,  design,  development,  and  testing 
of  components  and  complete  space  vehicle 
for  research  and  applications.  This 
mission  is  carried  out  both  in-house 
and  through  contracts  with  industry  and 
state  government  agencies.  The  LSTLH 
staff  comprises  approximately  801.  of 
the  entire  LSA  complement.  Located 
approximately  35  km  from  Amsterdam,  at 
Noordwijk,  LSTLH  represents  a capital 
investment  of  about  $”0  million.  The 
main  facilities  include:  satellite 
integration  halls,  dynamic  tost  chambers 
thermal  vacuum  chambers,  a magnetic  test 
laboratory,  vibration  test  facilities, 
a mechanical  test  centrifuge,  a space 
batteries  test  laboratory,  and  the  var- 
ious other  laboratories  and  workshops 
associated  with  a satellite  test  and 
assembly  facility.  It  is  the  intent 
of  I SA  and  ISTLH  to  contract  for  .is  much 
assembly  and  testing  as  possible  to  mem 
her  nations,  where  such  facilities  arc 
available,  in  order  to  strengthen  nation 
a I competence  in  specific  areas. 
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In  addition  to  I ST  I (' , ISA  operates 
1: SOC  which  is  responsible  for  the  con- 
trol of  satellites  at  launch  and  in  or- 
bit, for  spacecraft  tracking,  and  for 
acquisition  and  processing  of  satellite 
data.  F.SOG  headquarters  are  located 
in  Darmstadt,  Germany,  with  tracking 
and  telemetry  stations  in  Ik’lgium,  Ger- 
many, Italy,  and  Spain  and  with  addition- 
al mobile  ground  stations  in  Fiji,  Ta- 
hiti, Hawaii,  Singapore,  faster  Island 
and  on  board  the  Dutch  ship  ('ANPIPK 
in  the  South  Pacific.  ISA  also  operates 
space  documentation  service,  P.SR1N,  in 
Frascati,  Italy,  that  offers  an  advanced 
computeriz'd  system  for  on-line  infor- 
mation retrieval  from  various  scientific 
and  technical  data-bases. 

Meanwhile  hack  at  the  Vestibular 
Sled  Facility  we  find  a unique  research 
tool  designed  to  investigate  the  hunan 
neuro-vest ihular  system  in  the  absence 
of  certain  other  physical  sensations 
by  using  the  near-zero  gravity  environ- 
ment. However,  as  most  graduate  students 
learn  if  they  have  a classical  physicist 
sitting  on  their  doctoral  orals  (usually 
by  giving  an  incorrect  answer! , earth 
orbiting  satellites  have  only  one  force 
acting  upon  them  and  that  is  the  F.arth's 
gravity . The  student  is,  oT  course, 
expected  to  neglect  the  forces  of  the 
solar  wind,  photon  bombardment,  and 
other  third-  and  fourth-order  forces 
as  well  as  those  initiated  on-board. 

The  near-zero  gravity  effect  is  produced 
by  the  combined  action-reaction  of  the 
Farth's  gravitational  force  and  the  sa- 
tellite's angular  acceleration  (imparted- 
hv  its  injection  velocity).  The  gradu- 
ate student  also  is  hopefully  aware  that 
t lie  human  balance  organs  arc  located 
in  the  inner  ear.  What  he  may  not  rea- 
lize (unless  he  is  majoring  in  the  bio 
logical  sciences  field)  is  that  these 
organs  have  two  main  systems,  one  known 
as  the  otolith  that  senses  linear  accel- 
erations, and  the  other  as  the  semicir 
cular  canal  system  that  senses  angular 
accelerations,  and  that  collectively 
these  are  referred  to  as  the  vestibular 
organs,  and  hence  the  "Vestibular  Sled." 

The  Space  Sled  Facility  is  a life 
sciences  experiment  in  which  a Spacelab 
crew  member  will  be  secured  in  a movable 
seat  gimballed  around  two  axes  to  obtain 
any  desired  orientation.  the  seat  will 
traverse  back  and  forth  along  two  rails 
spanning  the  length  of  the  Spacelab  mod 
tile.  \ second  crew  member  located  at 
the  Sled  control  console  will  initiate 


each  experimental  run,  monitor  the  equip 
ment  performance  and,  if  required,  actu 
ate  an  emergency  stop.  Accelerat  1011/de 
coloration  control  will  be  accomplished 
by  means  of  a programmable  profile  gener- 
ator. The  test  subject  will  not  be 
able  to  detect  acceleration  changes 
other  than  through  senses  of  the  vestibu 
lar  organs.  Visual  perception  will 
be  prevented  by  enclosing  the  subject's 
head  while  noise  and  vibration  levels 
will  be  kept  below  the  thresholds  for 
perception.  The  latter  requirements 
demand  an  advanced  guidance  and  control 
system  which  will  be  new  to  space  ap 
p 1 icat  i oils . 

The  principal  goals  of  the  Space 
Sled  Facility  are  to  gain  a better  un 
derstanding  of  the  human  equilibrium 
adaptation  process  in  a near  zero-g  en 
vironment  and  to  find  methods  to  allevi 
ate  the  problems  of  space  motion  sickness 
experienced  by  man  during  space  missions. 
This  is  to  be  accomplished  by  analyzing 
the  response  mechanism  of  the  human 
balance  system  to  acceleration  forces 
which  are  not  adversely  affected  by 
earth-bound  gravitational  forces;  in 
vestigating  the  relative  interactions 
between  inertial  balance,  visual,  audio, 
and  other  physical  sensations  processed 
by  the  human  brain  to  elicit  automatic 
and  conscious  responses  to  motion  per- 
ception; understanding  and  finding  wavs 
to  enable  prediction  of  crew  member 
susceptibility  to  space  sickness;  de 
fining  possible  training  methods  for 
conditioning  the  human  balance  system; 
and  studying  the  adaptation  mechanism 
of  the  sensory  balance  system  after 
exposure  to  a near  zero-g  environment. 

The  experimental  system  has  five 
main  components.  A TV  system  is  incor 
porated  with  a two-fold  mission;  the 
first  is  t o provide  a visual  stimulation 
to  the  test  subject  in  order  to  evalu- 
ate optical  responses  with  and  without 
the  presence  of  linear  acceleration; 
the  second  is  to  investigate  target 
setting  whereby  a control  handle  on 
the  Sled  controls  the  position  of  an 
image  on  a TV  screen  in  front  of  one 
eye  of  the  test  subject.  (The  subject 
is  able  to  move  the  control  handle  in 
the  direction  of  perceived  acceleration 
and  control  the  amount  of  hand  movement 
bv  visual  checking  of  the  l\  image  po- 
sition.) A third  component  of  the  exper- 
iment consists  of  a weak  infrared  source 
trained  on  the  second  eve  01  the  subject 
so  that  the  eve-roll  movements  in  re 
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spouse  to  various  stimuli,  including 
acceleration,  can  be  recorded  by  an 
infrared  camera.  Thermal  earplugs, 
one  heated  and  one  cooled  will  be  posi- 
tioned in  each  of  the  subject's  ears 
providing  a new  experimental  technique 
designed  to  modify  the  responses  of 
the  vestibular  organs  in  a controlled 
and  reproducible  manner.  This  experi- 
ment will  also  be  performed  in  near 
zero-g  conditions,  with  and  without 
the  presence  of  linear  acceleration. 
Physical  measurement  sensors  will  be 
utilized  to  record  eye  movements,  brain 
waves,  respiration,  and  heart  and  other 
muscle  responses  to  various  conditions 
of  acceleration.  finally,  the  Sled 
facility  will  contain  a communications 
system  whereby  continuous  voice  contact 
will  be  maintained  between  the  test 
subject,  the  control  console  operator, 
and  the  scientist  investigator  on  the 
ground.  All  signals  will  be  transmitted 
to  the  ground,  and  a quick-look  analysis 
capability  will  be  provided  by  the  Sled 
facility  to  ensure  that  all  siyials 
are  working  and  that  the  accelerations 
experienced  by  the  subject  are  within 
acceptable  limits. 

he  salient  physical  characteristics 
of  tie  Sled  facility  are  its  runway 
len.th  of  about  4.0  in,  a total  mass 
of  approximately  1 (>0  kg,  and  its  capa- 
bility to  accommodate  a test  subject 
betv  1 S2  and  190  cm  in  height  with 
a ma  : of  48  to  91  kg.  The  Sled  facil- 
ity | ovules  three  different  types  of 
acce.  ration  profiles  that  can  be  re- 
peat! many  t imes  during  one  mission 
(doper,  ing  upon  the  amount  of  Dramamine 
the  sul  ect  has  been  allowed!.  These 
modes  ale:  (l)  one-way  utilization 
in  which  the  sled  is  accelerated  at 
a constant  value  for  scientific  measure- 
ments and  then  decelerated  to  stop 
at  the  end  of  the  runway.  The  accelera- 
tion and  deceleration  values  can  be 
selected  independently  on  a continuous 
scale  between  0.001  g and  0.2  g for  any 
run.  In  addition,  deceleration  up  to 
3.0  g can  be  selected  to  maximize  the 
measurement  time  during  the  accelera- 
tion phase;  (2!  constant-g  oscillations 
in  which  a minimum  of  o oscillations 
can  be  carried  out  utilizing  the  free 
runway  length;  (3)  sinusoidal  oscilla- 
tions which  can  be  performed  up  to  a 
maximum  duration  of  10  minutes  and  where 
the  highest  pre se lect ah le  frequency 
is  1.0  Hz. 

Ihe  Space  Sled  facility  represents 
,i  significant  tool  for  the  advancement 
of  space  medicine  investigations.  An 


approved  fSA  program,  it  entered  the 
definition  phase  in  1977  and  will  short- 
ly enter  the  main  development  stage. 
(Robert  W.  Rostron) 
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tINKL  NuilS 

It  ts  with  deep  regret  that  we  an- 
nounce the  death  on  18  June  of  a recent 
colleague  and  Liaison  Scientist  (August 
197o  September  1977j  , Professor  Abraham 
■Sos  in , at  the  age  of  32.  Since  Deceinbei 
196/  he  was  associated  with  the  llniver 
sity  of  Utah,  Salt  Lake  City  where  he 
was  Associate  Dean  of  engineering,  Pro- 
fessor of  Physics,  and  Professor  of 
Materials  Science  and  engineering.  I he 
Materials  Department  includes  all  major 
materials  types  and  under  Sos  tit's  direc 
tion  achieved  particular  prominence  a it 
ceramics,  polymers,  bio -material s , and 
flammability  research.  Sosin's  own  re 
search  was  in  the  field  ol  lattice  de- 
fects in  crystalline  materials,  radiation 
effects,  kinetic  and  Jil'fusional  procosse: 
and  theory,  internal  friction,  and  chem- 
ical vapor  deposition,  lie  authored  some 
80  journal  publications,  co-authored 
major  reviews  in  book  form,  and  co  edited 
a number  of  books  on  materials.  Before 
coming  to  0NRI. , he  originated  and  worked 
on  a project  on  the  sod  turn/  sul  fur  higlt- 
temperature  battery,  of  which  the  work 
on  the  alumina  solid  electrolyte  attract- 
ed great  attention.  While  with  ONRL, 
he  became  interested  in  other  forms  of 
energy  and  wrote  many  art  icles  for  A.  7. 
on  these,  the  latest  on  wave-power,  ap- 
pearing in  our  April  1978  issue. 

We  extend  our  heartfelt  sympathy 
to  his  wife  and  family  and  to  iiis  eol 
leagues . 


QUEEN'S  BIRTHDAY  HONOURS  L I SI 

In  the  Queen's  Birthday  Honours 
list  the  following  were  awarded  the  kB 
(knight  Bachelor):  Amos  Honry_  Chi  Iyer  , 

V ice -Plumed  lor , Cran field  institute 
of  Technology,  Hans  Leo  hornberg.  Sir 
William  Dunn  Professor  of"  R iochemi  st  i v , 
University  of  Cambridge,  William 
d1 Auvergne  Maycoek , Director,  Blood  Prod 
nets  Laboratory,  Lister  Institute,  ami 
Professor  Harry  Raymond  Pitt,  1 ice 


l" ■ T ™ 


i.sn  si -i 


Chancellor,  Reading  University.  A.W . 
Wood in t 1 , Professor  of  Clinical  tropical 
Med  ic  ine  , was  awarded  a Companion  of  St. 
Michael  and  St.  George  ( CMC)  . Named 
Companions  ot  the  British  empire  (.CBL) 
were  U..1 . Ci^isp,  I’rofessoi  of  Marine 
Biology,  University  College  ol'  North 
Bales  and  M.U . Robins , Director,  Astron 
omy , Space,  Radio,  and  Science  ot  the 
Science  Research  Council. 


n RS0NA1. 

the  Royal  Society's  1978  Appleton 
Prize  for  Ionospheric  Physics  has  been 
awarded  to  Professor  P.  Banks,  Head  of 
the  Physics  Department,  TlfaTT  State  Uni- 
versity. this  triennial  award,  estab- 
lished in  19oo,  will  be  presented  at  a 
special  session  of  the  International 
Union  of  Radio  Science's  general  assem 
bly  in  Helsinki  on  7 August. 

Professor  Sir  Derek  Barton,  IKS, 
Nobel  laureate,  will  retire  From  the 
Hofmon  Chair  of  Organic  Chemistry,  Im- 
perial College  ot  Science  and  technology, 
in  September.  He  will  take  up  a new 
career  as  Director  of  the  lustvtul  do 
ihemie  vies  Substances  Naturelles  ot  the 
CNKS  at  liit  sur  \votte,  trance. 

Professor  J.H.  Bird,  Head  of  Geo- 
graphy at  the  llniversitv  ot  Sout  hampt  on  , 
Inis  been  appointed  a deputy  Vice- 
Chancellor  for  tour  years. 

Protessoi  11. A.  Chadwick,  Proi-sse- 
ot  Metallurgy  aiuT  Materials  at  t 'u  .m 
versity  ot  Queensland,  \us t ra l la , has 
been  appointed  to  the  Chair  of  fngineo’ 
mg  Materials  at  the  University  of  So. 
ampton.  He  will  take  up  his  pos  t ion 
1 September  1978. 

Sir  frederick  Du  in ton,  Chairman  of 
the  University  Grants  Committee,  is  tv> 
be  the  next  Chancellor  ot  Sheffield 
University,  lie  succeeds  lord  Butler, 
who  resigned  last  rear. 

Di  . Vttselm  C.  Dunham,  Senior  lev 
turer  ill  C.eologi  at  the  University  ol 
Manchester,  has  been  appointed  to  the 
Chair  ot  Industrial  Mineralogy  at  the 
University  ot  Hull,  from  l October  IP’S. 

Dr.  II. C.  Heller,  Reader  m Chemistry 
at  the  University  College  of  Wales, 
\ber\stw\th,  has  been  appointed  t o a 
personal  Chair  in  Organic  Chemist ry. 

Dr.  Vnthony  S.  I. aught  on  has  been 
appointed  Director  of  the  "Institute  ot 
Oceanographic  Sciences,  Wormley  , Surrey, 
lie  succeeds  Protessoi  lleiuv  Charnovk 
who  has  taken  up  the  Chair  ot  Pin  s i at 
Oceanography  at  the  University  ot 
Sout hampt on . 


At  the  University  of  Bristol,  Dr . J , 
MacMillan  has  been  appointed  to  a personal 
Chair  Tn  Organic  Chemistry. 

Dr.  B.i>.  Sieentan . Reader  in  the  De  - 
partment  of  Mathematics  at  the  University 
of  Dundee,  lias  been  promoted  to  a per- 
sonal Chair  in  Applied  Analysis  in  the 
Department . 


OB  1 1 UAIUllS 

l'rof es s o r Douglas  Ric hard  Chick  , 

Head  of  the  Department  o f 11 ec  t ron  ic  and 
electrical  engineering  at  the  University 
of  Surrey,  died  on  11  June  at  the  age  of 
ol.  His  professional  career  started  at 
the  Signals  experimental  establishment 
1,1937-39)  where  he  worked  on  R t,  1>  of  mili- 
tary radio  and  radio  jamming.  During  WW11 
he  was  responsible  for  setting  up  and 
directing  research  activities  in  basic 
nuclear  physics  and  in  engineering  of  high 
voltage  Van  de  (iraaff  machines  and 
plasma  physics  aimed  at  controlling  fu- 
sion. He  directed  the  design  and  opera- 
tion of  a S-MK  light -water  nuclear  reac- 
tor for  materials  research.  In  19o3 
he  joined  the  Vickers  Company  Research 
Laboratory,  and  in  1900  he  became  head 
of  the  Department  of  electronic  and  elec- 
trical engineering  at  Surrey.  In  19oo 
he  initiated  research  work  on  ion  im- 
plantation well  before  industry  recognized 
its  importance  in  microelectronics.  to 
day,  his  Department  is  one  of  the  inter 
nationally  recognized  centers  ol  o\ 
collence  in  this  area.  He  was  also  re 
sponsible  for  setting  up  an  industrial 
electronics  Unit  which  made  the  expertise 
ot  his  academic  staff  available  to  Indus 
try  on  a contract  research  basis. 

Professor  Maurizio  Enrico  Federic i , 
Professor  of  Electrical  Communications 
at  the  University  ot  Genoa,  died  in 
Milan,  10  October  1977  at  the  ago  ot  3. 
Graduating  in  1915  lrom  the  University 
o l Rome,  he  immediate t\  became  an  assist 
ant  professor.  In  1979  he  was  granted 
an  MSc  in  fngineeriug  at  Harvard  and 
spent  the  following  years  working  in  .. 
fork,  London,  and  Berlin.  1 u 1951  he 
became  rochnie.il  Manager  of  the  S.A.I.A.R. 
Research  laboratory  m Milan  where  he 
planned  the  first  active  and  passive 
sonars  to  be  used  h\  the  Italian  Nai\ . 
from  1931  onwards  he  was  I'echniv.il  Man  i.  t 
and  afterwards  Directot  ot  Marconi  Ita 
tana  S.p.i.,  Genoa.  In  1985  he  was  ap 
pointed  Protessoi  o t Electrical  Comiuin 
cat  toils  at  the  Univevsitx  ot  Genoa  and 
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conferred  the  highest  award  by  the 
Italian  Republic.  During  the  same  per- 
iod he  was  the  Italian  representative 
on  the  Scientific  Committee  of  the 
SACLANT  ASW  (Ant isuhraarine  Warfare  Cen- 
ter) at  La  Spezia.  He  was  the  author 
of  the  book  U ndvruutvi*  Aoouetieti. 

Professor  William  Kearton , formerly 
Harrison  Professor  of  Mechanical  engi- 
neering at  the  University  of  Liverpool, 
died  29  May  at  the  age  of  8S.  During 
WW1  he  worked  as  a steam  turbine  de- 
signer, which  was  the  starting  point  of 
his  outstanding  career  as  an  authority 
on  the  design,  construction,  and  opera- 
tion of  steam  turbine  power  plant  and 
other  forms  of  turbomachinery.  After 
WW1  he  returned  to  Liverpool  as  a mem- 
ber of  the  staff  where  he  established 
his  reputation  in  the  field  of  power 
generation  through  the  publication  of 
a number  of  books  and  papers.  In  1947 
he  was  appointed  to  the  Harrison  Chair 
of  Mechanical  Engineering.  In  1958  on 
his  retirement,  the  University  of  Liver- 
pool named  him  Professor  Emeritus. 

Professor  Ronald  Ceorge  Wreyford 
Norrisli,  FRS,'N~6~FeT  Tail  re  ate,  CTieiFT- 
dune  at  the  age  of  80.  From  1937  to 
19t>5  he  was  Director  of  the  Department 
of  Chemistry  at  the  University  of  Cam- 
bridge. Norrish  made  important  and 
lasting  contributions  to  our  understand- 
ing of  the  factors  that  affect  the  rates 
of  chemical  reactions.  He  was  one  of 
the  first  chemists  to  realize  the  value 
of  high  vacuum  techniques  for  handling 
gases,  and  the  utility  and  power  of  ab- 
sorption spectroscopy  for  identifying 
the  intermediates  and  the  products  of 
thermal  and  photochemical  gas  reactions. 
Jointly  with  several  colleagues  he  de- 
veloped the  techniques  of  flash  photolysis 
and  flash  spectroscopy  which  greatly  ex- 
tended studies  of  the  rapid  reactions  of 
free  atoms  and  radicals.  This  joint  re- 
search with  Professor  George  Porter  (.now 
Sir  George  Porter)  won  for  them  the  Nobel 
Prize  in  Chemistry  in  1957  which  they 
shared  with  Manfred  Eigen.  He  received 
many  honors  during  his  lifetime,  and  al- 
though he  had  retired,  after  receiving 
the  Nobel  Prize  he  became  quite  active 
for  several  years  and  traveled  widely  to 
deliver  lectures. 

Professor  Michel  Magat,  for  40  years 
one  of  Europe's  best -known  physical  chem- 
ists, uied  in  mid  June  in  Paris  at  the 
age  of  70.  Born  in  the  Ukraine,  he 
studied  in  Germany  and  later  joined  Pro- 
fessor Edmond  Bauer  at  the  Sorbonne  where 


he  worked  on  electrical  and  spectroscopic 
studies  of  molecular  systems.  During  WW11, 
as  a member  of  the  Free  French  Forces, 
he  worked  at  Princeton  University  develop- 
ing the  study  of  polymer  materials, 
especially  their  interactions  with  high 
energy  radiation.  He  continued  tins  line 
of  research  back  in  France  for  the  next 
30  years.  He  was  much  involved  during 
the  '50s  in  breathing  new  life  into 
France's  organized  scientific  effort,  and 
the  enormous  contribution  which  the  GNUS 
(Centre  National  de  la  Recherche  Scien- 
tifique)  has  made  in  this  respect  should, 
at  least  in  the  physio-chemical  field, 
be  credited  to  Magat.  He  was  recently 
elected  honorary  life  president  of  the 
Socitfte  de  Chemie  Physique  and  was  cur- 
rently Vice  President  of  the  Faraday  Divi 
sion  ol  the  Chemical  Society  (London). 

Thdodore  Vogc 1 , fo rme r 1 y D i rec t o r 
of  the  Physics  Research  Center  of  the 
CNRS  at  Marseille,  France,  died  in  March. 

He  was  the  publisher  as  well  as  French 
editor  of  Aoustica. 
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SYMPOSIUM  ON  FUNCTIONS  OF  MICROBIAL  MEMBRANES,  TUBINGEN, 

GERMANY,  S-7  SEPTEMBER  1977  by  J.E.  Sippel 

A discussion  of  some  of  the  papers  presented  at  the  Symposium 
on  Functions  of  Microbial  Membranes,  which  was  held  at  the  Uni- 
versity of  Ttlbingen,  5-7  September  1977.  A complete  list  of 
papers  given  at  the  Symposium  is  included  as  an  appendix. 

SUPERCONDUCTING  MICROWAVE  CAVITY  RESEARCH  AT  SIEMENS  by  F.C. 
Essig 

Information  derived  from  a visit  to  Siemens  AG,  Erlangen,  FRG, 
to  discuss  their  work  on  superconducting  microwave  cavities 
is  presented.  The  results  obtained  with  niobium  and  niobium 
tin  (.NbjSn)  over  the  last  few  years  are  reviewed.  Siemens' 
current  interests  are  to  continue  work  with  NbjSn,  to  explore 
new  TM-cavity  designs,  improve  cavity  reproducibility, and  to 
produce  less  expensive  cavities. 

UNDERWATER  INSPECTION  AND  NONDESTRUCTIVE  TESTING  OF  OFFSHORE 
STRUCTURES  by  R.L.  Brackett 

Regulations  have  been  established  by  the  governments  of  coun- 
tries bordering  the  North  Sea  which  require  annual  inspection 
of  offshore  structures.  This  has  resulted  in  a much  more  in- 
tensive use  of  Nondestructive  Testing  (NDT)  techniques  for 
underwater  inspection  than  currently  exists  in  the  United 
States.  This  report  presents  a review  of  the  NDT  techniques 
and  equipment  currently  used  in  the  North  Sea  area  and  discusses 
some  of  the  research  being  conducted  in  the  UK  and  Norway  to 
improve  the  quality  of  underwater  NDT  inspection. 
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